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ULTRAMICRO TESTS 
now included with the system 
Serum 
Sample Size Typical 
microliters Repro- 
Analysis (lambdas) ducibility 
Bilirubin Direct 40,1 1% 
Indirect 40, 1% 
Calcium 20 ul 1% 
Chioride 10ul 1% 
Total Cholesterol 10,/ 1% 
Creatinine 20, 3% 
Glucose 10 ul 1% - 
Phosphorus 20ul 1% 
Proteins Total 10 ul 1% 
Albumin 20u 2% 
Urea Nitrogen 10yl 1% 
Uric Acid 20y) 3% 
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For the first time... 


drop-size samples 


Now every laboratory can run drop-size blood samples rov- [ 
tinely and accurately, with the Beckman/Spinco Ultramicro 
Analytical System. 

Based on a new concept of handling small volumes, the 
Spinco System is a miniature laboratory in itself. The entire 
System fits easily on a table top...the operator sits comfor- 
tably while making analyses...reagents are stored in plastic | 
squeeze bottles with self-measuring pipettes attached...and 
there is almost nothing to wash. 

Because a simple finger or heel puncture provides all the 
blood needed for complete chemistries, the new Ultramicro 
System is vitally important in pediatrics and geriatrics —in 
burn cases — for obese patients. It is a major step forward 
in small animal research, in pharmacological and nutritional 
studies, wherever small samples are necessary — or desirable. 

For more information on this important advance in labo- 
ratory analysis write Spinco Division, Beckman Instru- 
ments, Inc., Palo Alto, California, for Data File 150-5. 
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WEST GERMANY 


Polarizing — 
Microscopes | 








The famed Carl Zeiss Polarizing 
Microscopes (GF and KF) are 
available for research and labora- 
tory requirements in both binocular 
and monocular types. Both types 
feature the inclined-tube system 
for ease of operation. 

Various accessories and equip- 
ment are also available to further 
broaden the application of these 
fine instruments. 





Quadraxial Universal 
Rotary Stage 


Stage of versatile adjusta- Other outstanding Carl Zeiss 

bility for the application of instruments include: 

modern methods in accu- “ 

rately and rapidly deter- research, stereo and interference 

mining optical properties eee 

and orientations of crystals. microscopes 
polarimeters, refractometers 


spectroscopes, etc. 
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in this new line of KIMAX® Laboratory Glassware 
eliminating freezing, binding, grease contamination 


KIMAX Laboratory Glassware now 
offers the convenience of TEFLON stop- 
cock plugs... 

No Binding—accomplished by exagger- 
ated 1:5 taper of TEFLon Plugs in pol- 
ished glass barrels. 


No Freezing—because of extraordinary 
chemical inertness of TEFLON. 


No Leaking— perfect fit of TerLon Plug 
with the polished glass barrel. 


KIMBLE LABORATORY GLASSWARE 
AN (I) propvet 


No Contamination—self-lubricating ... 
no grease needed with TEFLON stop- 
cock plugs. 





Easy Control—simple to adjust, control 
is easily maintained. 

KIMAX Stopcocks with TEFLON Plugs 
are “interworkable” with other boro- 
silicate glass of the same coefficient of 
expansion. 


This new line of KIMAX apparatus 





with TEFLON Stopcock Plugs may be 
assorted with other Kimble laboratory 
glassware making possible larger quan- 
tity discounts. Your dealer will show 
you how you may realize more savings 
by specifying Kimble for all your labo- 
ratory glassware needs. 


For further information, write Kimble 
Glass Company, a subsidiary of Owens- 
Illinois, Toledo 1, Ohio. 
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Reverse in Geneva 


One effect of the summit collapse in Paris on the negotiations for a 
ban on nuclear weapons testing in Geneva was the reversal by the Soviet 
delegation of its decision to go along with the United States proposal 
that more research be conducted on ways to control small underground 
explosions. Soviet scientists had said that although the Soviet Union 
would not conduct experiments with nuclear devices, there would be a 
three-year program using chemical explosives. But about three weeks 
after the summit collapse, the Soviet delegation announced at the 
political level that there would be no tests of any kind in the Soviet 
Union and that Soviet scientists had not been empowered to speak in 
the name of the Soviet government. 

In seeking better ways to detect small underground tests, "United 
States scientists had, for their part, proposed exploding a series of nu- 
clear devices. Soviet scientists had objected to some experiments in the 
American series, but they agreed to others on condition that adequate 
safeguards be provided to assure them that no results of military value 
could be gained along with results of use in improving the design of a 
control system. 

By way of assurance, the U.S. has subsequently offered to share all 
test results with the U.S.S.R. and to admit Soviet observers to the test 
site. The U.S. has also offered to put immediately on deposit, under 
international supervision, boxes containing all the bombs to be used in 
the research program, and so to demonstrate that results from devices 
exploded earlier in the series could not be used as the basis for design 
of the devices exploded later. The Soviets have demanded, however, 
precisely what the Americans have not offered and what is against the 
law barring the disclosure of nuclear secrets—namely, a look at the 
devices themselves. There may be ways for the United States to escape 
from this predicament, but any proposal is easily countered by a person 
determined to offer objections. A proposal to explode Soviet bombs 
instead of American bombs, for example, could be construed by Soviet 
negotiators as a thinly disguised plan to spy out the characteristics of 
Soviet weapons. 

The U.S. is now mounting an effort to determine just what Soviet 
intentions are on a test ban. It is important, of course, to see whether 
we actually can specify safeguards for our research program that will 
prove acceptable to the U.S.S.R., but the course of the technical talks 
is ample evidence that the Soviets are as informed as we are about the 
limits of the present technology of test controls and about the advantages 
and disadvantages of a research program. Reversal of the Soviet stand 
on its own research program, with no explanation offered, suggests that 
the Soviets have found in their demand for assurances an opportunity to 
stall negotiations while making it look as if it is we who are doing the 
stalling. 

Accordingly, in the new effort to determine Soviet intentions, the 
United States delegation should focus its efforts on the political level. 
We should push for answers on such familiar matters as the number of 
on-site inspections the Soviets will permit and the nationality of the staff 
at the control posts—questions which the summit meeting was supposed 
to have answered. It is on the political level that the more fundamental 
differences lie. And it is here that we are in the better position.—J.T. 
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@ up to 100 samples counted 
automatically 


@ repeats individual samples 
or entire loading 


@ symmetrical geometry pro- 
vides constant background 


@ sample number, time and 
count printed out on paper 
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e eee yh gamer = The Auto-Gamma Spectrometer System counts and re- 
modes & cords data from as many as 100 test tube samples. Oper- 


ation can be maintained on an around-the-clock basis. 

The energy spectrum of an isotope can be plotted with 
the Auto-Gamma Spectrometer by means of the precise 
Narrow Window setting. Ordinarily, the photopeak is 
then counted within the Wide Window of the pulse height 
analyzer to minimize background. This use of the spectrom- 
eter optimizes the count-to-background ratio and permits 
shorter counting periods or lower tracer levels. 

Obviously, automatic sample counting is desirable 
when large numbers of samples are to be counted. It is 
just as useful, however, for counting small numbers of 
low activity samples. Blanks and standards can be ar- 
ranged among the samples for background checks and 
calibration. The complete series of tubes can then be 
counted automatically as many times as required to give 
desired statistical accuracy. 

The detector and spectrometer components of the 
system are available separately for manual operation. 


@ manual model can be auto- 
mated at any time 
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While they were once held to be in- 
compatible, clinical and experimental 
medicine have lived together so long 
and so harmoniously that they are now 
recognized to be at least common-law 
partners. The bond that united them 
was the thesis, ably demonstrated and 
eloquently expounded by Claude Ber- 
nard, that pathological states may be 
manifestations of normal processes— 
normal, not according to any statistical 
criterion, but in the sense that they 
carry on a lawful existence independ- 
ently of their pathological manifesta- 
tions. The study of disease and the 
study of normal physiological func- 
jtions have thus come together within a 
deterministic framework. Clinical medi- 
cine has developed a truly experimental 
foundation and looks to basic science 
for future progress. 

With respect to pathologies of be- 
havior, however, clinical practice and 
laboratory experimentation have yet to 
achieve a satisfactory working partner- 
ship. The origin of pathology in normal 
behavioral processes is beginning to be 
recognized (see, for example, J), but 
in a not very large segment of current 
experimental or clinical practice. Ex- 
perimental and clinical psychologists 
alike seem to equate the two terms 
abnormal and disorderly. Thus, when 
an experimenter isolates a lawful behav- 
ioral phenomenon, he is likely to con- 
sider that its very lawfulness removes 
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Normal Sources of 
Pathological Behavior 


| Animal experimentation shows that certain combinations 
of adaptive responses can result in nonadaptive behavior. 


Murray Sidman 


it from the realm of clinical interest. 
Similarly, the clinician who does ven- 
ture into the laboratory will, more often 
than not, try to demonstrate the ab- 
sence of lawfulness in some behavioral 
phenomenon. Neither worker seems to 
give much thought to the possibility 
that maladaptive behavior can result 
from quantitative and qualitative com- 
binations of processes which are them- 
selves intrinsically orderly, strictly de- 
termined, and normal in origin. 

I shall try to demonstrate a case of 
this sort here. The clinician may not 
have available, when I have finished, 
any new diagnostic or therapeutic tool, 
but if he can relate the events in my 
story to these introductory remarks, we 
may move somewhat closer to an ex- 
perimental foundation for clinical psy- 
chology. The point of view must gen- 
erate a practice before it can show 
practical results. The course that has 
proven so fruitful in medicine should 
also yield rich dividends in psychology. 


Estes-Skinner Experiment 


In a paper on “Some quantitative 
properties of anxiety” (2), published in 
1941, W. K. Estes and B. F. Skinner 
described the changes produced in the 
lever-pressing activities of a rat by the 
sounding of a tone and administration 
of an electric shock when the tone 
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ended. Observation by Estes and Skin- 
ner of the world about them—clinical 
observation, so to speak—had led these 
investigators to suspect that the term 
anxiety was often applied to behavior 
occurring during sequences of events 
similar to the tone and shock. The 
authors selected the laboratory rat as 
the subject for their experiment; but it 
was assumed that under similar circum- 
stances other animals would behave in 
a similar fashion, and this assumption 
has subsequently been confirmed to a 
remarkable extent. 

In the experiment, a rat is placed in 
a small chamber. The rat is first trained 
to press a lever projecting from the 
wall; as reinforcement it gets small food 
pellets from a tray underneath the lever 
(see Fig. 1). Next, the mechanism con- 
necting the lever to the food-delivery 
system is scheduled so that lever press- 
ing produces food only once every 4 
minutes. As established by earlier ex- 
periments (3), on this schedule, a 
hungry rat will press the lever at a fairly 
steady rate. 

The investigation proper is now be- 
gun, with experimental sessions lasting 
1 hour. During each session the tone is 
sounded (through a phone in the cham- 
ber) once or twice, for 3 minutes at a 
time, and at the termination of the tone 
the rat receives a brief, unavoidable 
shock through the grill on which it 
stands. The food-reinforcement sched- 
ule remains in effect at all tinres, includ- 
ing the period when the tone is sound- 
ing. After a number of sessions the ef- 
fect of the tone is to diminish greatly 
the rate at which the rat presses the 
lever. This phenomenon is called con- 
ditioned suppression. 

We repeated the Estes-Skinner ex- 
periment in our laboratory, using a 
rhesus monkey as the subject and mak- 
ing the food pellets available at irreg- 
ular intervals. Again, the result was 
conditioned suppression. As the reccrd 
reproduced in Fig. 2 shows, when the 





The author is affiliated with the Walter Reed 
Army Institute of Research, Washington, D.C. 
This article is adapted from a lecture presented 
1 April 1959 at a symposium on the experimental 
foundations of clinical psychology, held at the 
University of Virginia School of Medicine. 
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Fig. 1. An experimental chamber similar 
to the one used by Estes and Skinner. 


tone sounded the monkey pressed the 
lever at a much slower rate. After the 
shock was administered, the monkey 
pressed the lever at its usuai rate. 

The disruption of ongoing activity is 
quantitatively reproducible for the same 
animal, for animals of the same or dif- 
ferent species, and for animals in tests 
of behavior other than lever pressing. 
Yet this lawful phenomenon has patho- 
logical characteristics. As the animal 
reduces the rate at which it presses the 
lever, there is a resultant loss of food; 
this response would seem to have no 
adaptive value. Instead of pressing the 
lever, the animal displays other forms 
of behavior, which may range from 
complete immobility to agitated, in- 
tense, and apparently aimless locomotor 
activity, all accompanied by signs of 
autonomic upset. 


Applications of the 
Estes-Skinner Technique 


The small perturbation in the cumula- 
tive response curve of Fig. 2 may not 
correspond to one’s favorite definition 
of anxiety. As Schoenfeld has noted, 
“. . . anxiety in its multifarious non- 
operational meanings is a perfectly bad 
word. .. .” (4). But that is not the 
issue here. The fact remains that we 
have a simple technique for producing 
a profound change in an organism’s 
behavior, a change that appears to be 
characteristic of a pathological con- 
dition. The simplicity of the manipula- 
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tion should not deceive us. Whenever 
a simple operation is found to exert 
a powerful behavioral effect, we may 
suspect that the phenomenon can be 
widely generalized. In the present case, 
furthermore, the simple operation of 
exposing an organism to the stimulus- 
shock sequence leads to _ behavioral 
consequences of an exquisite complex- 
ity. 

After it was first described, in 1941, 
the Estes-Skinner experiment received 
almost no experimental attention for a 
period of 10 years. It was finally resur- 
rected by Hunt and Brady (5), who, 
with their collaborators, made it the 
basis of a productive research program. 
At first Hunt and Brady were inter- 
ested in conditioned suppression not 
so much for its own sake as for its 
potentialities as a tool in studying other 
things. Their initial investigations, for 
example, dealt with electroconvulsive 
therapy. After their subjects, white rats, 
had developed a full-blown conditioned 
suppression, ceasing to press a lever 
when they heard the clicking noise 
which preceded shock, they were given 
a series of electroconvulsive ‘“‘treat- 
ments.” On being returned to the ex- 
perimental chamber they no _ longer 
reacted to the clicker. Instead of be- 
ing disrupted, the animals behaved 
normally during the warning stimulus. 
Electroconvulsive shock had “cured” 
them of their anxiety. 

A long and revealing series of ex- 
periments followed, elucidating addi- 
tional aspects of electroconvulsive shock 
treatment (6). In these experiments, 
Brady and Hunt employed conditioned 
suppression in much the same way as 
the physiologist, for example, utilizes 
the techniques of chemistry to investi- 
gate metabolic processes. Little more 
was learned of the behavioral processes 
themselves. But as additional uses were 
developed for the Estes-Skinner. tech- 
nique, greater attention was given to the 
behavioral processes, the initially silent 
partner in this study of a “cure.” It 
is instructive both for the experimental- 
ist and the clinician to follow at least 
part of the course of this development. 

Another problem to which the sup- 
pression technique was applied was 
that of the effects of certain types of 
damage to the central nervous system. 
For example, if a clicking noise of mild 
intensity is sounded while a thirsty rat 
is pressing a lever to obtain occasional 
small drops of water, and an unavoid- 
able shock is delivered to the rat when 
the clicker stops, the animal will even- 
tually cease pressing the lever while the 





clicker is on. We then make a surgical 
lesion in the rat’s septal forebraip 
region. When placed in the experi. 
mental situation again after it has re. 
covered from the operation, the rat 
presses the lever for water in the same 
way as it did before. But when the 
clicker sounds, the animal does not 
reduce its rate of lever pressing to the 
degree that it did prior to the opera. 
tion. The septal lesion tends to attenuate 
the conditioned suppression in much 
the same way as _ electroconvulsive 
shock does (7). 

Certain drugs also change the reac. 
tion of both monkeys and rats to the 
warning clicker. Animals given reser- 
pine over a long period, for example, 
gradually resume their normal rate of 
lever pressing during clicker stimuli 
which precede electric shock (8, 9), 
Like electroconvulsive therapy, rele! 
pine apparently cures their disturbed 
behavior. 

There is a similar effect when rats 
and monkeys are rewarded for lever 
pressing not by food but by intracranial 
electrical stimulation via permanently 
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Fig. 2. An illustration of the Estes-Skin- 
ner conditioned suppression phenomenon. 
Responses are recorded cumulatively, with 
the pen automatically resetting to the base 
line after every 450 responses. The intro- 
duction of the clicking noise is indicated 
by the slight oblique downward displace- 
ment of the pen at the first arrow. The 
shock, which immediately follows termi- 
nation of the tone, occurs at the point 
where the pen displacement is rectified, in- 
dicated by the second arrow. 
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implanted electrodes. (Intracranial elec- 
trical stimulation seems to function as 
a reward for the animal. The basic 
observation is that the animal will work 
for electrical stimulation in certain 
brain areas just as it will work for food; 
it is not necessary to assume that the 
animal derives pleasure from the elec- 
trical stimulus.) But, whereas an animal 
working for food will cease its lever- 
pressing activities after a series of 
clicker-shock experiences, the same 
animal, when working for electrical 
stimulation of the brain, will continue 
to press the lever while the clicker 
sounds (/0). Though both function as 
rewards, brain stimulation and food 
cause animals to react differently in an 
anxiety situation. 

As far as the behavioral processes 
were concerned, we had not, at this 
point, progressed much beyond the 
original Estes-Skinner phenomenon. 
But the behavioral perturbation that 
often accompanies the warning stim- 
ulus shows both an order and a com- 
plexity which help us to understand 
behaviora! pathology. One more appli- 
cation of the technique will show how 
we were led to consider conditioned 
suppression as of interest in its own 
right. 

A research program was under way 
to test the notion that behavioral 
phenomena and the functioning of the 
pituitary-adrenocortical system are cor- 
related. On the endocrine side, John 
Mason and his collaborators had de- 
veloped a reliable technique for meas- 
uring blood levels of 17-hydroxy- 
corticosteroids in monkeys (//) and 
were engaged in a series of studies to 
determine the anatomical and physio- 
logical properties of the system. On the 
psychological side, we set out to deter- 
mine whether this system could be 
activated by behavioral methods. One 
of our successful ventures involved the 
Estes-Skinner technique. When blood 
samples were taken from monkeys be- 
fore and after their exposure to the 
Estes-Skinner procedure we found that 
a marked elevation had occurred in 
the plasma level of 17-hydroxycorti- 
costeroids (/2). But in this application 
we were forced to depart, to a certain 
extent, from the original procedure. All 
of the departures were dictated by 
practical necessity, but they had reveal- 
ing systematic consequences. 

A first change was required when we 
found we could not use the laboratory 
rat. Nearly all previous work on con- 
ditioned suppression had been. per- 
formed with this useful animal, but un- 
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Fig. 3. Cumulative record of lever pressing. Five-miaute periods of clicking alternated 
with S5-minute periods of silence. The introduction of the clicking noise is indicated by 
the slight oblique downward displacement of the pen and is marked C/ at the first pres- 
entation. The shock occurs at the point where the pen displacement is rectified. The 


first shock is marked Sh. 


fortunately it did not have a sufficient 
quantity of blood for repeated steroid 
measurements. We therefore turned to 
the monkey. In the initial experiments 
with the monkey, as in previous work, 
we combined stimulus and shock only 
once or twice during any given session. 
While our subjects did display eleva- 
tion of steroid levels in these first tests, 
the elevations were not as consistent as 
we felt requisite for further investiga- 
tion. Following a procedure developed 
by Azrin (/3) we therefore subjected 
the monkeys to a large number of 
stimulus-shock sequences during each 
experimental session and, when this 
procedure showed signs of success, 
went on to a schedule in which stimuli 
of 5 minutes’ duration were _ pro- 
grammed every 10 minutes. Findings 
under these conditions gave us clean 
and reproducible base lines; the ani- 
mals ceased to respond during each 
stimulus but began to press the lever 
again almost immediately after each 
shock (see Fig. 3). Correlated with 
this relatively stable behavior was a 
reliable and large elevation in steroid 
level. 

Was this, however, a pure example 
of behavioral stress, or was the shock 
a necessary part of the picture? In 
order to answer this question we at- 
tempted to run test sessions in which we 
gave the subjects the warning stimuli 
as usual but no shock. Would the 
stimuli alone, without shock, increase 
the output of 17-hydroxycorticosteroids? 
The procedure, unfortunately, did not 
allow us to answer this question. When 
the shock was discontinued the ani- 
mals pressed the lever at their usual 
high rate during the warning stimuli. 
There was no longer any conditioned 
suppression or any rise in steroid level. 

We solved the problem by following 


the stimuli with shock only intermit- 
tently. The monkeys received shock 
after 25 percent of the warning stimuli 
in each session; the remaining stimuli 
were not followed by shock. Then, in 
subsequent test sessions, we again pre- 
sented the warning stimuli to the sub- 
jects without shock. Consistent with the 
general principle that intermittent re- 
inforcement prolongs the process of 
extinction was the finding that a di- 
minished rate of lever pressing and a 
rise in steroid level were elicited by 
the warning stimuli alone. 

But the story is not a continuous 
chronicle of success. It was necessary 
to keep each monkey working consist- 
ently for extended periods of time, 
pressing the lever steadily but ceasing 
to press when the clicker sounded. 
Stable behavior was required if further 
investigation was to continue. But when 
the modified Estes-Skinner procedure 
had been in effect for some time, the 
monkey’s behavior began to deteriorate. 
An example may be seen in Fig. 4. 
The contrast with the regularity shown 
in Fig. 3 is striking. The subject now 
presses the lever at a.very uneven rate 
between stimuli, with suppression some- 
times continuing even after the clicker 
is silent. Occasionally, as at the points 
marked a, the animal ceases lever press- 
ing immediately before the noise is 
introduced. During the stimulus period 
there is evidence of temporal discrimi- 
nation: as indicated at b, the animal 
continues pressing the lever during the 
early minutes of the stimulus; then 
suppression occurs. Another strange 
phenomenon is indicated at c: after a 
period of suppression, the monkey be- 
gins to press the lever at a low, steady 
rate which continues until it receives 
the shock. 

This breakdown of the behavioral 
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base line is the kind of phenomenon 
that suggests pathology. We may well 
conclude that the behavior is pathologi- 
cal but not on the grounds that it is 
disorderly. The anomalies which be- 
gan to appear in the behavioral rec- 
ords appeared to be disorderly only 
because we were not at the time able 
to identify the controlling variables. 
Unless we could gain some understand- 
ing of the behavioral processes at work 
here, we could not apply the technique 
to the problem of behavior-endocrine 
interaction. Out of our investigations, 
then, there emerged a new apprecia- 
tion of the behavioral complexities with 
which we had been working. Our first 
attempts to unravel these complexities 
seemed to multiply them, producing 
behavior which, if not pathological, was 
certainly bizarre, but we were even- 
tually able to show that even the most 
bizarre performances were under the 
control of orderly and manipulable 
factors. In no sense did they represent 
deviations from lawful behavior. 


Some Fruits of Basic Research 


Reinforcement cost. From the several 
changes we had made in the basic 
Estes-Skinner procedure, we _ selected 
two temporal variables for further 
study. These were (i) the period dur- 
ing which the clicker sounded and (ii) 
the period during which the clicker was 
silent. Using white rats as subjects, we 
systematically manipulated these two 
periods (/4). Much to our surprise, we 
found that such manipulation repro- 
duced several of the phenomena shown 
in Fig. 4. The most general finding, 
however, was that both temporal vari- 


ables controlled the degree of condi- 
tioned suppression, but only when they 
were considered in relation to each 
other. An animal would press the lever 
at a very slow rate during a clicking 
period of a given duration only if there 
were relatively long intervals of silence 
between clicking periods. An example 
may be seen in the upper two curves 
of Fig. 5. With 24-minute periods of 


_ Silence, the subject makes only a few 


responses during a 6-minute clicking 
period (at a). Suppression is nearly 
complete. But when the periods of 
silence are reduced to 2 minutes, the 
animal responds considerably more 
often during a 6-minute clicking pe- 
riod (at 5b). Similarly, as may be seen 
further down in Fig. 5, with 2-minute 
periods of silence and 12-minute click- 
ing periods the subject again fails to 
respond (at c). Complete suppression 
reappears. 

We now knew how to maintain a 
stable conditioned suppression in the 
subjects of our steroid studies and in 
other applications of the Estes-Skinner 
technique, but the real plum was an- 
other observation which _ illuminated 
the process through which the animals’ 
behavior was controlled by the tempo- 
ral variables. The subjects of the ex- 
periment had been deprived of water, 
and the reinforcement for lever press- 
ing was a small drop of water. We 
noticed that the number of drops of 
water the animals received was rela- 
tively constant, about 90 percent of the 
maximum possible, regardless of the 
effectiveness of the clicker in diminish- 
ing the rate at which they pressed the 
lever. But, it will be recalled, condi- 
tioned suppression causes the animal 
to miss reinforcements, for it is only by 
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Fig. 4. Cumulative record obtained under the same condftions as those of Fig. 3, but 
at a later stage. See text for explanation of a, b, and c. 
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Fig. 5. Sample cumulative records made 
in tests with periods of clicking and of 
silence of various lengths. The first num- 
ber of each pair designates the number of 
minutes of silence; the second, the number 
of minutes of clicking. The oblique down- 
ward displacement of each curve indicates 
the point at which clicking was_intro- 
duced. 


pressing the lever that a drink can be 
obtained. In other words, the animals 
displayed conditioned suppression only 
to the extent that they could do so 
without missing more than 10 percent 
of their drinks. Thus, if the clicking 
period was short relative to the period 
of silence, the animal could cease press- 
ing the lever during the clicking and 
still miss relatively few drinks in the 
course of an experimental session. On 
the other hand, if the clicking period 
was relatively long, complete cessation 
of lever pressing would cause the ani- 
mal to lose most of the available drinks. 

Although more work must be done 
before the phenomenon is entirely clear, 
we might say, at this point, that the 
animals manifest anxiety only to the 
extent that they can afford to do so in 
terms of reinforcement cost. 

Aversive interactions. A unique fea- 
ture of the Estes-Skinner technique is 
its use of changes in the organism’s on- 
going behavior to measure the conse- 
quences of an independent but concur- 
rent experimental operation. The effect 
of the warning stimulus may be de- 
scribed, in most general terms, as a 
disturbance in the pattern of behavior 
in progress at the time the stimulus 
appears. As we have seen, one form 
of disturbance is complete cessation 
of the behavior. It seems reasonable to 
suppose that the variables which con- 
trol the base-line activity also have a 
role in determining the effect of the 


SCIENCE, VOL. 132 


| 


warni 
attem) 
positic 
to a V 


suppr 
their 
differ 
when 
witho 
the t 
influe 
anim 
of le 
cont! 
tern, 
cour: 
Al 
supp 
featt 
info: 
tain 
Whe 
pres 
whil 
to 4 
I 
mol 
peri 
lars 
for 

diti 
by 

oe 
ela 
Ea 
po: 
(1 
do 
an 
cli 





28-2 
2-2 
2-bo 


10-50 
22-5 


5-1/2 





“sonra 


$ made 
and of 
t num- 
nber of 


number | 


down- 
\dicates 
intro- 


~an be 
nimals 
n only 
do so 
ercent 
licking 
period 
press- 
g and 
in the 
n. On 
period 
sation 
e ani- 
lrinks, 
done 
clear, 
at the 
oO the 
so in 


e fea- 
jue is 
’s on- 
>onse- 
yncur- 
effect 
e de- 
as a 
1avior 
mulus 
form { 
sation 
ble to 
con- 
ave a 
f the 


L. 132 





warning stimulus. In one of the few 
attempts yet made to verify this sup- 
position, Brady found that rats reacted 
to a warning stimulus with conditioned 
suppression even when they received 
their water in accordance with several 
different types of schedules. However, 
when the stimulus was then presented 
without any shock, it was found that 
the type of reinforcement schedule did 
influence the length of time it took the 
animals to resume their normal rate 
of lever pressing (75). The variables 
controlling the normal behavior pat- 
tern, then, did affect the temporal 
course of the animals’ “rehabilitation.” 

All demonstrations of conditioned 
suppression up to this point had one 
feature in common. Food or water re- 
inforcement was always used to main- 
tain the subjects’ base-line behavior. 
What would be the consequence of 
presenting the clicker-shock sequences 
while the subjects were pressing a lever 
to avoid electric shocks? 

In the experiments described below, 
monkeys were the subjects, and the ex- 
perimental space was similar to, but 
larger than, that previously described 
for the rat (see Fig. 1). We first con- 
ditioned the monkeys to press a lever 
by the simple expedient of giving them 
a brief shock whenever 20 seconds 
elapsed without a lever depression. 
Each time they pressed the lever they 
postponed the shock for 20 seconds 
(16). After the animals had settled 
down to a relatively stable rate of avoid- 
ance responding we introduced the 
clicker and unavoidable shock se- 
quence, using the earlier schedule of 
5-minute clicking periods alternating 
with 5-minute periods of silence. 

The immediate result was that the 
animals pressed the lever at approx- 
imately three times their normal rate, 
both when the clicker was on and 
when it was silent. In fact, they re- 
sponded sufficiently often to avoid all 
avoidable shocks; the only shocks they 
received were the unavoidable ones 
(17). The monkeys then gradually 
slowed down to their normal rate of 
lever pressing. But they returned to 
their normal rates more rapidly when 
the clicker was silent than when it was 
sounding. There was, therefore, an 
intermediate phase in which they 
pressed the lever at a higher rate dur- 
ing the clicking periods than during 
the periods of silence. This reversal of 
the Estes-Skinner observation caught 
our interest. 

We eliminated the avoidable shocks 
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but continued to administer the un- 
avoidable ones. The monkeys ceased 
lever pressing, as was to have been 
expected, during the periods of silence. 
But for a long time they persisted in 
lever pressing during the clicking peri- 
ods. Figure 6 shows the striking reversal 
of the usual conditioned suppression; 
the animal practically never responds 
during periods of silence or during the 
initial minutes of the clicking periods. 
But as the time approaches for shock, 
the monkey begins to press the lever 
rapidly and continues until it receives 
the shock. Immediately after the shock, 
it again ceases pressing, and another 
cycle begins. This phenomenon is called 
conditioned facilitation. 

Does conditioned facilitation during 
the clicking period represent a break- 
down of the lawfulness to which we 
have become accustomed in our ex- 
perience with the Estes-Skinner tech- 
nique? From an adaptive point of view, 
the facilitation of lever pressing makes 
no more sense than does suppression. 
The shock is inevitable, and the ani- 
mal’s high response rate during the 
stimulus represents only so much wasted 
energy. It would take very little stretch- 
ing of the imagination to class this be- 
havior as pathological. Yet, as we shall 
see, it results from normal processes 
at work in a slightly unusual setting. 

When an animal that is pressing a 
lever for food is first exposed to the 
clicker-shock sequence it may initially 
cease pressing both when the clicker 
is on and when it is silent, even though 
it receives shock only while the clicker 


is on. This may be thought of as a 
generalized effect of unavoidable shock. 
A corresponding generalized effect, an 
over-all increase in response rate, is 
initially observed when the lever press- 
ing has served to postpone shock. In 
their first stages, then, the two effects 
are opposite in direction but similar, 
perhaps, in origin. 

A second stage occurs when the ini- 
tially generalized effect of shock is 
channeled into the clicking period. A 
monkey working for food returns to 
its normal rate of lever pressing during 
periods of silence but continues to dis- 
play suppression during the clicking 
periods. Similarly, a monkey pressing 
the lever to avoid shock returns to its 
normal response rate during periods of 
silence but continues to display con- 
ditioned facilitation during the clicking 
periods. 

If this were the whole story, both the 
suppression and the facilitation might 
well be construed as emotional reac- 
tions to the unavoidable shock, the 
precise form of the reaction depending 
upon the subject’s past experience of 
shock. Perhaps some such formulation 
could encompass the observations thus 
far discussed. But one additional ob- 
servation does not fit. Under appro- 
priate conditions, some of which I dis- 
cussed above, the conditioned suppres- 
sion becomes fixed at the second stage. 
The conditioned facilitation, on the 
other hand, goes through a third phase. 
It disappears. It is really a transitory 
phenomenon, though its life span and 
magnitude are sufficiently great to merit 
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Fig. 6. Response facilitation during the period of clicking prior to shock. The intro- 
duction of clicking is marked by the downward displacements in the record. The lower 
curve is actually continuous with the upper one, but has been displaced for compact 
presentation. The first and seventh clicking periods of the session are labeled. 
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both experimental and clinical attention. 
The impermanence of the facilitation 
places it in a different category from 
the suppression. 

We can, however, hold on to the 
notion that avoidance conditioning is 
a prerequisite if the animal’s rate of 
lever pressing is to increase, rather than 
decrease, during the clicking periods. 
If an organism has learned a successful 
shock-avoidance response, what is more 
appropriate, in a situation in which 
shocks occur, than that very response? 
The source of control of the facilitation 
may be the normal processes which 
govern the subject’s previously acquired 
avoidance behavior. But we are still 
faced with the fact that the animal 
actually cannot avoid the shocks. On 
many occasions the monkey is almost 
immediately punished by the shock for 
its increased rate of lever pressing dur- 
ing the clicking period. How can we 
reconcile the inevitability of the shock 
with an explanation based upon the 
normal and orderly processes that 
underlie successful avoidance behavior? 

The difficulty is more apparent than 
real, but I have not simply been build- 
ing up a straw man. I have examined 
the problem in detail because its simple 
solution reveals a form of behavioral 
control which, because of its subtlety, 
one might easily overlook. In the actual 
relations between the shock and facili- 
tated lever pressing two facts are to be 
noted. First, the monkey receives only 
one shock during each 5-minute click- 
ing period; hence, only an extremely 
small proportion of its lever-pressing 
responses are actually punished. From 
the subject’s point of view, lever press- 
ing, by which it has in the past effec- 
tively avoided shocks, seems to remain 
largely successful. Avoidance of shock 
still reinforces lever pressing, even 
though the relation is a spurious one. 
The monkey’s behavior during the 
clicking period is nonadaptive because 
the rules of the environment have 
changed and the changes have not yet 
elicited appropriate response modifica- 
tion. The occasional shocks only serve 
as false discriminative cues to keep the 
animal behaving in a fashion appro- 
priate to the former circumstances. 

The second point concerns the tem- 
poral relation between response and 
shock implied by the term punishment. 
The time interval that elapses between 
an unavoidable shock and the immedi- 
ately preceding lever response is vari- 
able. In other respects the situation is 
exactly the same as that during the 
original avoidance conditioning. Orig- 
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inally, the monkey postponed the shock 
for 20 seconds each time it pressed the 
lever. Now, the shock sometimes occurs 
2 seconds after a response, sometimes 
200 seconds after, sometimes 20 sec- 
onds after, and so on. We have already 
demonstrated that animals will con- 
tinue to avoid shock successfully when 
we systematically vary the amount of 
time they postpone shock with each 
lever press (18). In the present case, 
the variation is governed not by the ex- 
perimenter but by the vagaries of the 
subject’s own lever-pressing. The con- 
tingencies are spurious, but the control 
they exercise is real. 

In its late stages at least, facilitation 
during the clicking period may properly 
be understood as avoidance behavior 
which the monkey continues to manifest 
because of a combination of historically 
real and currently adventitious contin- 
gencies. It is not nearly as general a 
phenomenon as conditioned suppres- 
sion; it requires an organism with a 
particular type of behavioral history, 
and it requires a unique set of current 
circumstances which serve to perpetuate 
the processes that stem from this his- 
tory even after they are no longer rele- 
vant to the demands of the environ- 
ment. 

Direct manipulation of the monkey’s 
behavioral history in a subsequent ex- 
periment effectively demonstrated its 
relevance. In the first phase of the ex- 
periment we conditioned the monkey 
to press the lever by reinforcing it with 
food. Once the monkey was pressing 
the lever at a steady rate, we introduced 
the clicker-shock sequences until a con- 
ditioned suppression developed during 
the clicking period. 

The next step was to add an avoid- 
ance component to the subject’s be- 
havioral repertoire. We disconnected 
the food-delivery mechanism, the 
clicker, and the mechanism that de- 
livered the unavoidable shock. Pressing 
the lever now served to postpone shocks 
for 20 seconds. Finally, the monkey 
was again given the opportunity to 
procure food by pressing the lever with- 
out receiving shocks at any time. The 
variables were the same as in the first 
phase of the experiment, but the mon- 
key’s experience with shock was dif- 
ferent. 

When we again introduced the 
clicker-shock sequences the avoidance 
history proved to be dominant. When- 
ever the clicker sounded the monkey 
pressed the lever at a much higher rate, 
even though it was working for food 
(19). By interpolating a period of 





avoidance conditioning between the two 
stages of the Estes-Skinner procedure 
we had changed conditioned suppres. 
sion to facilitation. The conclusion 
seems inescapable that the facilitation 
represents a form of avoidance be. \ 
havior, irrational perhaps, certainly in- 
effective, but nonetheless derived from 
identifiable and orderly sources of con- 
trol. 
A final set of experiments provided 
us with an unexpected view of the | 
twisted fashion in which normal =| 








havioral processes can manifest them- 
selves (20). Our initial aim was simple 
enough. We had seen that the effect on 
a given response of a stimulus that 
precedes a shock will depend upon the 
history of that response. If we now 
select for simultaneous observation two 
different responses, one of which the | 
monkey has used to procure food and | 
the other of which it has used to avoid | 
shock, will a warning stimulus generate | 


two concurrent but opposite reactions \ 


in a single animal? | 

To answer this question, we made 
two opportunities simultaneously avail- | 
able to the monkey. Hanging down | 
from the ceiling of the chamber was | 
a chain, and pulling this chain oc- 
casionally paid off with food, while 
pressing a lever mounted on a wall of 
the chamber postponed shocks for 20 
seconds. Both the food schedule and 
the avoidance program were in effect 
concurrently. The monkey adjusted ap- 
propriately to the contingencies, some- 
times pulling the chain and sometimes 
pressing the lever. 

Clicker-shock sequences were then 
introduced, and the avoidable shocks— 





shocks previously governed by lever 
pressing—were eliminated. The only 
shocks the monkey received were the 
unavoidable ones that followed the 
clicking periods. In line with previous 
findings, we expected the monkey, dur- 
ing the clicking period, simultaneously 
to reduce its rate of chain pulling, dis- 
playing conditioned suppression, and 
to increase its rate of lever pressing, 
displaying conditioned facilitation. 

In fact, the animal’s rates of response 
for both chain pulling and lever press- 
ing rose during the clicking periods. 
There was no evidence of suppression. 
Rates for both types of response were 


relatively low during periods of silence. | 


This was the pattern for a response 
with an avoidance history, yet we had 
not provided the food-reinforced re- 
sponse with such a history. Did this 
mean that the lawfulness revealed in 
the prior experiments is missing when 
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two response systems within a single 
organism are simultaneously exposed 
to the Estes-Skinner procedure? Such 
an interpretation would be consistent 
with the classical view of behavior 
pathology, and, if we had accepted it, 
we should have stopped work at that 
point. As it turned out, however, our 
resistance to the classical view per- 
mitted us to round out the story. The 
final experiments not only revealed 
orderly processes but, in addition, per- 
mitted us to explain some material 
classically considered pathological. 

We found that our monkey’s two 
concurrent responses were not entirely 
independent. For example, we returned 
the animal to the initial training pro- 
cedure in which it produced food occa- 
sionally by pulling the chain and avoid- 
ed shock by pressing the lever. We then 
disconnected the feeding mechanism. 
But even though no food was forth- 
coming, the animal continued to pull 
the chain at a relatively high rate. The 
monkey stopped pulling the chain only 
after we had also disconnected the 
shock, thereby causing it to stop press- 
ing the lever. Only with the cessation 
of avoidance behavior did the monkey 
cease pulling the chain. It seemed clear 
that the food-reinforced behavior was 
being controlled in some way by the 
avoidance contingency, even though no 
such control was demanded by the ex- 
perimental arrangements. The process 
through which this control developed 
is a most fascinating one, for it takes 
us, in a manner of speaking, into the 
“inner life” of our animal subjects. 

We have already described the facili- 
tating effect of the warning clicker as 
a case of adventitiously reinforced, or 
“superstitious,” avoidance behavior. 
(I use the term superstitious in the 
operational sense in which Skinner uses 
it, to describe a situation in which a 
particular response is correlated only 
by chance with a reinforcing state of 
affairs (27). Even though the behavior 
may not actually produce the rein- 
forcement, and though the correlation 
may not even be advantageous to the 
organism, the reinforcing effect is not 
thereby weakened.) The monkey’s be- 
havior during the stimulus period is 
reinforced by the seeming avoidance 
of shocks. We, as experimenters, know 
that the animal would not have received 
shocks anyway, even if it had not 
pressed the lever, but our monkey is 
a prisoner of its behavioral history. 

The subject was free to make the 
two possible responses in any sequence. 
If it frequently pulled the chain and 


8 JULY 1960 





MONKEY R-I5 






FOOD 
CHAIN 
(FR-12) 


100 RESPONSES 


AVOIDANCE 
LEVER 











e———1_ 30 MINUTES 


Fig. 7. Concurrent cumulative records for 
chain pulling and lever pressing. The por- 
tions of the records displaced obliquely 
downward denote clicking periods that 
preceded shock. The broken lines connect 
temporally corresponding points (intro- 
duction of clicking) on each curve. 


then pressed the lever, the pattern might 
become established as _ superstitious 
avoidance. If the monkey could speak, 
it might well tell us that it was avoid- 
ing the shock by first pulling the chain 
and then pressing the lever. The chain- 
pulling response, though reinforced 
with food, might also develop an avoid- 
ance component, which would explain 
the increased rate of chain pulling dur- 
ing a clicking period. 

Being both unable and unwilling to 
rely upon the verbal report of our sub- 
ject, we made an experimental search 
for adventitious reinforcement proc- 
esses. We found that the monkey was 
actually making the two responses in 
sequences of the sort that would favor 
the development of a superstitious 
avoidance pattern. There was only a low 
probability that the animal would pull 
the chain twice without pressing the 
lever in between; the vast majority of 
chain-pulls were followed by lever 
presses. There was abundant opportu- 
nity for chain pulling to be correlated 
accidentally with the avoidance of 
shock. 

There remained only the task of 
breaking up the alternation pattern and 
thereby eliminating the avoidance com- 
ponent of the food-reinforced response. 
This was accomplished by utilizing a 
bit of behavioral technology. Up till 
now only an occasional chain-pull had 
paid off on a temporal schedule. The 
schedule was changed so that the 
animal had to pull the chain a fixed 
number of times to procure food. Since 


such a schedule favors the reinforce- 
ment of rapid bursts of responses 
(3, 22), there should be a tendency for 
the monkey to make several chain- 
pulling responses in succession before 
switching to the lever. 

The new schedule accomplished its 
purpose. The likelihood that the animal 
would press the lever after only a single 
chain pull decreased markedly. In- 
stead, the monkey showed a marked 
tendency to pull the chain several times 
before pressing the lever. The typical 
pattern of bursts and pauses may be 
seen in the upper curve of Fig. 7. 

Figure 7 also indicates that we elimi- 
nated the superstitious avoidance com- 
ponent of the food-reinforced response. 
For now, when we introduce the clicker- 
shock sequence there is no increase in 
the monkey’s rate of chain pulling. The 
clicking simultaneously suppresses the 
food-reinforced response and facilitates 
the avoidance response. Although both 
forms of response exist simultaneously 
in the same organism, each is affected 
by the clicking according to its own 
history. 

It has been necessary to report the 
experiments in such detail in order to 
illustrate the complete normality of the 
processes underlying our initial finding 
of facilitation in both responses. In 
tracking these processes down, we have 
seen how they may act to produce some 
bizarre manifestations. Thus, behavior 
which has no real connection with the 
shock must nevertheless be diagnosed 
as avoidance behavior, spuriously main- 
tained as part of an avoidance pattern. 
Then, this behavior, already under 
spurious control, perpetuates itself dur- 
ing the clicking period by seemingly 
permitting the animal to avoid shocks 
that would not have occurred anyway. 
Such behavior may be called “second- 
order superstition.” If this is “sick” be- 
havior, the processes that generate and 
maintain it are healthy enough. 

Whether these particular experi- 
mental phenomena are indeed basic to 
the understanding, diagnosis, and treat- 
ment of clinically observed behavior 
pathology remains an open question. 
But there can be no doubt that such 
experimental manipulation has_ the 
necessary power and subtlety to un- 
cover processes relevant to clinical ob- 
servations. The clinical psychologist 
need no longer seek his experimental 
foundations among demonstrations of 
behavioral chaos. The experimentalist, 
too, would do well to cultivate an inter- 
est in pathology as a source of insight 
into normal behaviorai processes (23). 
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Science and Human Welfare 


The AAAS Committee on Science in the Promotion of 
Human Welfare states the issues and calls for action. 


For nearly two decades, scientists 
have viewed with growing concern the 
troublesome events that have been 
evoked by the interaction between sci- 
entific progress and public affairs. With 
each advance in our knowledge of na- 
ture, science adds to the already im- 
mense power that the social order ex- 
erts over human welfare. With each in- 
crement in power, the problem of di- 
recting its use toward beneficial ends 
becomes more complex, the conse- 
quences of failure more disastrous, and 
the time for decision more brief. 

The problem is not new, either in the 
history of human affairs or of science. 
What is without past parallel is its 
urgency. 

Four years ago, the report of the 
AAAS Interim Committee on the Social 
Aspects of Science (J) stated: “We 
are now in the midst of a new and un- 
precedented scientific revolution which 
promises to bring about profound 
changes in the condition of human life. 
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The forces and processes now coming 
under human control are beginning to 
match in size and intensity those of 
nature itself, and our total environment 
is now subject to human influence. In 
this situation it becomes imperative to 
determine that these new powers shall 
be used for the maximum human good, 
for, if the benefits to be derived from 
them are great, the possibility of harm 
is correspondingly serious.” 

The Interim Committee also conclud- 
ed that “there is an impending crisis in 
the relationships between science and 
American society. This crisis is being 
generated by a basic disparity. At a 
time when decisive economic, political, 
and social processes have become pro- 
foundly dependent on science, the dis- 
cipline has failed to attain its appro- 
priate place in the management of pub- 
lic affairs.” 

In the last few years the disparity 
between scientific progress and the res- 
olution of the social issues which it has 
evoked has become even greater. What 
was once merely a minor gap now 
threatens to become a major discon- 
tinuity which may disrupt the history 
of man. 

Recent events have lent substance to 
the conviction of our committee and of 
its antecedent groups—and we believe 
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to that of scientists generally—that sci- 
entists bear a serious and immediate 
responsibility to help mediate the ef- 
fects of scientific progress on human 
welfare, and that this obligation should 
be reflected in the program of the 
AAAS. 

In the present report we endeavor to 
translate this conviction into action by 
suggesting a general approach and some 
specific procedures which may serve as 
a guide for the development of a AAAS 
program on the role of science in the 
promotion of human welfare. 

Now, as in 1956, our premises are 
these (2): 

1) We are witnessing an unprece- 
dented growth in the scale and intefisity 
of scientific work. 

2) This growth has been stimulated 
by an intense demand for the practical 
products of research, especially for mil- 
itary and industrial use. 

3) The public interest in, and under- 
standing of, science is not commensu- 
rate with the importance that science 
has attained in our social structure. It 
cannot be said that society provides 
good conditions for the proper growth 
of science. 

4) For reasons such as those just 
cited, science is experiencing a period 
of rapid but rather unbalanced growth. 
Basic research, which is the ultimate 
source of the practical results so much 
in demand, is poorly supported ard, in 
the view of some observers, lacks vigor 
and quality. 

5) The growth of science and the 
great enhancement of the degree of 
control which we now exert over nature 
have given rise to new social practices, 
of great scope and influence, which 
make use of new scientific knowledge. 
While this advance of science has great- 
ly improved the condition of human 
life, it has also generated new hazards 
of unprecedented magnitude. 
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An Estimate of the Present Situation 


Since 1956 this general pattern has 
taken on some new features which con- 
cern us at this time. 

1) The conscious exploitation of sci- 
ence for military advantage continues 
at an accelerating rate. But in recent 
years this process has merged with an- 
other, equally important trend: science 
is being pressed into the service of. in- 
ternational politics. Scientific accom- 
plishment per se has become an ac- 
cepted—and at present dominant—fac- 
tor of prestige among nations. The phil- 
osophy of “getting ahead of the Rus- 
sians” (or Americans), which once re- 
ferred only to military matters, now 
includes scientific achievements as well. 
This rivalry has strongly motivated the 
recent intensification of government 
support for scientific research. 

2) The rapid emergence of political 
independence among the “underdevel- 
oped” nations of the world, and their 
natural desire to exploit modern tech- 
nology, has added to the importance of 
international exchange of scientific 
knowledge and personnel. Perhaps one 
reason for the rivalry for scientific pre- 
eminence among the more advanced 
nations is the expectation of political 
advantage from this exchange. 

3) Certain recent scientific advances 
add directly to the ease with which our 
knowledge of nature can be applied to 
the control of human beings and of 
social organization. Development of 
new psychotomimetic drugs and psycho- 
logical techniques have suggested, to 
some, effective means for controlling 
the behavior of social groups. Progress 
in the science of cybernetics and the 
development of automation techniques 
result in new capabilities for direct con- 
trol of social and economic processes. 

4) Despite some recent effort toward 
improvement, there is no reason to alter 
the earlier conclusion that our present 
social environment does not favor the 
development of an understanding of 
science, or of science’s aims and needs. 
The increasingly spectacular practical 
achievements of science have only ac- 
centuated misconceptions about the rel- 
ative significance, for the growth of sci- 
ence, of practical results and the ad- 
vancement of basic knowledge. To 
many people physical science means 
nuclear energy and rockets. The public 
is sometimes led to expect that biolog- 
ical and medical research will conquer 
every human ailment—will overcome 
death. There is a tendency to equate 
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scientific progress with a sum of money 
and a number of people. There is in- 
sufficient appreciation of the signifi- 
cance of basic research, or of the con- 
ditions in which it can flourish. 

The situation appears to be this: We 
are witnessing an unprecedented and 
accelerating rate of growth in man’s 
power over his environment. Science, 
the instrument which produces this 
power, is being consciously exploited 
for industrial, military, and political 
purposes. At the same time there is 
little recognition of the internal needs 
of science, or of its purposes as a dis- 
cipline of the human mind. 

In this situation it is inevitable that 
the inner strength of science should 
suffer, for what is essential to the proper 
growth of science is often in conflict 
with the conditions of its service to mil- 
itary and political affairs. 

An important example of this effect 
is the matter of “competition.” The mil- 
itary and political advantages, to a na- 
tion, of scientific progress within its 
own borders are self-evident. Yet, it is 
a truism—but nevertheless a vital one 
—that nature is the same everywhere, 
and that the study of nature is an ac- 
tivity of the whole human race. Any 
effort to divide science into fragments 
which are delimited by national bound- 
aries, and dominated by a local social 
philosophy, will inevitably restrict the 
free discovery and communication of 
new knowledge that is the substance of 
scientific progress. A “nationalistic” sci- 
ence is an anachronism which cannot 
long continue without damage to sci- 
ence, and eventually to the nation. 

What, then, is the scientist’s respon- 
sibility to his own nation’s scientific ef- 
fort? Clearly, we need to understand 
that what science contributes to the na- 
tional purpose is measured by what it 
adds to the sum of human knowledge; 
science serves the nation by serving 
humanity. 

A further examination of the effects 
of the present social uses of science on 
life inside the house of science itself 
leads to even more disturbing conclu- 
sions. There is some evidence that the 
integrity of science is beginning to 
erode under the abrasive pressure of its 
close partnership with economic, social, 
and political affairs. 

In recent controversies about fallout 
and the detection of nuclear explosions, 
partisanship on the part of some sci- 
entists for a particular political ap- 
proach to the problem has been so in- 
tense in some instances as to cloud—at 


least in the public mind—the identity 
between science and an objective regard 
for the facts. 

The grim international competition 
for “supremacy” in scientific accom- 
plishment also endangers the integrity 
of science. Unseemly claims of pri- 
ority may be encouraged. Premature re- 
ports of new scientific discoveries, 
which will occur to some extent in any 
circumstances, may be permitted to ac- 
quire a semblance of credibility. 

An illustration—as yet unrealized— 
is the matter of “the creation of life.” 
Some scientists believe that the proper- 
ties of life are inherent in the chemistry 
of nucleic acid, and would regard the 
artificial synthesis of a reproducible 
nucleic acid or nucleoprotein molecule 
—which may occur in the reasonably 
near future—as the “creation” of life. 
Other scientists would disagree with this 


interpretation because they believe that 


nucleic acid, nucleoprotein, or anything 
less than a living cell is not “life,” for 
the reason that it is not a self-sufficient 
replicative agent. 

Under ordinary circumstances this 
difference of opinion would be occa- 
sionally debated among scientists and 
finally resolved when the weight of ev- 
idence on one side or the other became 
sufficiently strong, or when a new and 
more acceptable idea emerged. How- 
ever, in the present circumstances this 
matter may take another course. There 
is some evidence that a claimed “crea- 
tion of life” based on the test-tube syn- 
thesis of an infectious molecule might 
be regarded by a government as a sci- 
entific accomplishment of great political 
importance—a kind of “biological Sput- 
nik.” In this case, scientists may be 
hard pressed to persuade government 
officialsk—and perhaps even some of 
their colleagues—that the discovery 
should be given an interpretation which 
is less dramatic but more in keeping 
with the divided scientific opinion of its 
significance. 

It is evident that the accelerating 
progress of science has evoked a num- 
ber of serious problems that affect both 
the social order and the internal situa- 
tion of our scientific establishment. 
Having become a major instrument in 
political affairs, science is inseparably 
bound up with many troublesome ques- 
tions of public policy. That science is 
valued more for these uses than for its 
fundamental purpose—the free inquiry 
into nature—leads to pressures which 
have begun to threaten the integrity of 
science itself. 
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Scientists’ Approaches to 
Their Social Responsibilities 


It can be seen from the foregoing 
discussion that the scientific community 
is faced with numerous problems that 
very seriously affect the development of 
science and the future of society. How 
have scientists responded to this chal- 
lenge? 

Since World War II there has been a 
considerable growth in scientists’ partic- 
ipation in political affairs. The growth 
has been intermittent, and based on a 
variety of views of the scientists’ rela- 
tion to social problems. 

The Federation of American Scien- 
tists, initiated by scientists involved in 
the wartime atomic bomb project, is 
frankly designed to give scientists a 
direct voice in discussions of political 
matters that relate to science. The Pug- 
wash movement and the less formal 
groupings represented by the Bulletin 
of the Atomic Scientists take the view 
that scientists can serve a useful func- 
tion in proposing political solutions to 
the international problems that result 
from the applications of modern sci- 
ence. This approach results in a delib- 
erate effort, on the part of these scien- 
tists, to persuade government agencies 
to follow a recommended course of ac- 
tion. A third group is typified by the 
Society for Social Responsibility in Sci- 
ence, which takes the view that scien- 
tists have a moral responsibility to try 
to limit to ethical uses the applications 
of science and technology. 

In the 1956 Presidential campaign, 
ad hoc groups of proponents for both 
political parties developed among scien- 
tists. During the past year both parties 
have organized scientific advisory com- 
mittees, which will presumably provide 
the “scientific authority” for the posi- 
tions that these parties will take in the 
1960 campaign. 

Finally, some scientists take the view 
that their proper role with respect to 
questions of policy that are related to 
science is to bring to public attention 
the relevant facts and scientific prin- 
ciples and an explanation of the limits 
of accuracy and alternate interpreta- 
tions that apply. Thus informed, the 
citizen is prepared to make his own 
choice between possible solutions. This 
approach has been the basis for the 
formation in St. Louis of the Citizens 
Committee for Nuclear Information, a 
group of scientists and citizens devoted 
to the dissemination of information 
about the radiation problem. A group 
of scientists with a similar purpose, the 
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Scientists Committee for Radiation In- 
formation, has been organized in New 
York City under the auspices of the 
New York Academy of Science. 

This account shows that scientists are 
trying to meet their social responsibil- 
ities in a variety of ways. It also sug- 
gests that no single approach has as yet 
won the active participation of more 
than a very small part of the scientific 
community. Nor has there been a sus- 
tained development of these activities. 
Indeed, in the last few years activity on 
these matters within the scientific com- 
munity has been relatively slight. 

If we regard participation in the reso- 
lution of public issues related to science 
as a part of the scientists’ professional 
responsibilities, we must conclude that 
the scientific community has not yet 
developed a consistent, widely sup- 
ported way of meeting this obligation. 


‘ 
A Suggested Approach 


This committee and its antecedent 
groups have developed a distinctive ap- 
proach to the matter of how scientists 
and their professional organizations 
(and in particular, the AAAS) can 
best function with respect to the public 
issues that involve the progress of 
science. 

To begin with, we suggest that the 
issues fall into two classes with respect 
to where, in our social structure, their 
ultimate solutions lie. Certain prob- 
lems—for example, the effects of public 
policy on the development of science 
itself—are matters in which scientists, 
as scientists, have a particular interest, 
responsibility, and experience. In the 
solution of these problems, the opinions 
of the scientific community should 
carry some special weight, and scien- 
tists should accept the obligation to 
develop and explain these opinions. 

The more difficult problems are those 
which do not so exclusively concern 
scientists but which have a broad re- 
lation to public policy and affect all 
citizens equally. An example of such 
a problem is public policy in relation 
to nuclear energy, but this is only the 
most obvious of a growing class of 
troublesome issues. 

It is our view that such problems are 
in essence social and political. We ex- 
pect the choice among alternative solu- 
tions of these problems to be made 
through the normal, democratic pro- 
cesses of social and political decision- 
making, in which all citizens participate. 

In this respect the general issues that 





relate to scientific developments do not 
differ from other social and political 
questions. The difference between them 
lies at a less fundamental level. In the 
case of the more familiar questions of 
public policy, the facts which the citi- 
zen, or the government official, requires 
to make an informed choice between 
alternative solutions are relatively ac- 
cessible and the consequences of dif- 
ferent solutions are more or less ap- 
parent. On the other hand, the factual 
background and implications of the 
issues with which we are concerned in- 
volve scientific and technical data, often 
in areas relatively new to science, which 
are in themselves complex. Many citi- 
zens are neither familiar with science 
generally nor well informed about the 
specific developments which are at the 
root of present public issues. Scientists 
as well as other citizens often lack the 
relevant scientific facts and are unable 
to. visualize the effects of alternative 
courses of action. In these circum- 
stances, there is little reason to hope for 
informed decisions about questions of 
public policy that relate to science. 

In our view, this deficiency is a major 
cause of the difficulties that now im- 
pede the proper development of public 
policy on science-related issues. This 
conclusion can be documented in de- 
tail from recent experience regarding 
public policies on radiation hazards, 
food additives and insecticides, the 
significance of space exploration, the 
nature of modern warfare, the popula- 
tion question, This list also illustrates 
the importance which such issues have 
assumed in public affairs. 

The foregoing analysis leads to a 
distinctive view of the part which the 
scientist and his professional organiza- 
tions should play in the social proc- 
esses involved in the resolution of 
science-related issues. 

With respect to the process of deci- 
sion-making, the scientist’s role is simply 
that of an informed citizen. Like any 
other citizen, the scientist is free to 
express his opinions regarding alterna- 
tive solutions for matters of public 
policy and will perhaps join with like- 
minded citizens in a group effort to 
foster the solution he prefers. This 
role does not derive from the scien- 
tist’s professional competence or obli- 
gations but only from his citizenship, 
and therefore it bears no direct rela- 
tionship to his professional organiza- 
tions. 

But in the matter of providing citi- 
zens with the knowledge required to 
make informed decisions on science- 


SCIENCE, VOL. 132 


related 
his org 
compete 
As the 
entific 
munity 
knowle: 
The : 
special 
natural 
and po 
nature) 
ient pr 
necessa 
likelihc 
nutritic 
cer WO 
proble: 
ter wh 
and f 
parent 
in ma 
20 ye 
Ear 
one o 
tributi 
their 
seriou 
issues 
after 
essent 
social 
area 
woulc 
given 
cause 
woul 
How 
tion, 
comn 
powe 
fields 
capa 
sibili 
It 
com! 
tion 
our 
ural 
welf 
atter 
and 
obje 
of 
poli 
for 
mer 
A 
shot 
as a 
is tl 
exer 
fun 
me! 
gov 


8 Jl 











ajor 
im- 
blic 
This 


ling 
rds, 
the 
the 
wla- 
ates 
ave 


ya 
the 
iza- 


a 





related public issues, the scientist and 
his organizations have both a unique 
competence and a special responsibility. 
As the producer and custodian of sci- 
entific knowledge, the scientific com- 
munity has the obligation to impart such 
knowledge to the public. 

The scientific community has another 
special competence (which derives 
naturally from its concern with new 
and potentially significant attributes of 
nature), for attempting to detect incip- 
ient problems before they become un- 
necessarily acute. For example, the 
likelihood that the relation between 
nutrition and the development of can- 
cer would eventually become a practical 
problem for the food industry—a mat- 
ter which is at present agitating farmers 
and food processors—has been ap- 
parent from the work of investigators 
in many countries for the past 15 to 
20 years. 

Early detection of such problems is 
one of the most important direct con- 
tributions science can make toward 
their solution. Too often the most 
serious obstacle to the solution of such 
issues is that they are recognized only 
after the commitment of massive and 
essentially irreversible economic and 
social investments. If the Los Angeles 
area were now about to be settled, it 
would be a relatively simply matter, 
given our present knowledge about the 
causes of smog, to make plans that 
would prevent a future smog problem. 
How much more costly is the real situa- 
tion, which may require that an entire 
community’s reliance on _ gasoline- 
powered transport be altered! In its 
fields of competence, foresight is a 
capability and, in our view, a respon- 
sibility of the scientific community. 

It follows, then, that the scientific 
community should accept the obliga- 
tion to. determine how new advances in 
our understanding and control of nat- 
ural forces are likely to affect human 
welfare, to call these matters to public 
attention, and to provide for the public 
and its social and political agencies the 
objective statements of the facts and 
of the consequences of alternative 
policies that are required as the basis 
for informed decisions on the relative 
merits of proposed courses of action. 

At what point in the social process 
should the scientific community enter 
as an agency of information? One view 
is that, since most social decisions are 
executed by government, the scientist’s 
function is to inform and advise govern- 
ment departments and officials’ The 
government does, of course, need such 
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advice, and a number of useful methods 
of providing it have been evolved. In 
these instances, scientists serve only by 
invitation. Inevitably, the general con- 
tent of the information that is pro- 
vided and the tenor of the advice that 
is offered are to some degree con- 
ditioned by the particular interests of 
the requesting agency, which deter- 
mines what questions are asked and 
who is given an opportunity to answer 
them. 

Such a relationship does not wholly 
fulfill the scientist’s social role, as we 
see it. In dealing with social issues, the 
scientific community must demonstrate 
its responsibility and its inherent re- 
gard for truth and objectivity and 
must zealously preserve the freedom of 
thought and communication that is es- 
sential to the pursuit of these goals. 
Accordingly, we believe that the sci- 
entific community ought to assume, on 
its own initiative, an independent and 
active informative role, whether or not 
other social agencies see any immediate 
advantage in hearing what the scientist 
has to say. 

We believe, also, that what scientists 
have to say about the social implica- 
tions of science should be addressed 
directly to the general public. Our 
traditional preference for democratic 
procedures requires that the citizen be 
sufficiently informed to decide for him- 
self what is to be done about the issues 
that scientific progress has thrust upon 
us. Furthermore, our command over 
natural forces—for example, the des- 
tructive potential of nuclear war—is 
now so great as to create social and 
moral questions of such great moment 
that no social agency ought to intervene 
between the issue and the public. 

In sum, we conclude that the sci- 
entific community should, on its own 
initiative, assume an obligation to call 
to public attention those issues of public 
policy which relate to science, and to 
provide for the general public the facts 
and estimates of the effects of alterna- 
tive policies which the citizen must 
have if he is to participate intelligently 
in the solution of these problems. A 
citizenry thus informed is, we believe, 
the chief assurance that science will be 
devoted to the promotion of human wel- 
fare. 


Questions of Immediate Importance 
Many specific problems command 


the attention of scientists who are con- 
cerned with meeting their responsibility 


to mediate the interaction between 
science and society. In choosing certain 
issues for emphasis, we have adopted 
the view that it is more important to 
learn how to deal with the difficult prob- 
lems than with the simpler ones. 

The problems presented below have 
been chosen with this in mind. Other 
issues may appear to be more important 
to other observers; we shall welcome 
our colleagues’ recommendations in 
this regard. 

1) The social consequences of tech- 
nological progress. It is characteristic 
of the present situation that scientific 
advances lead to a very profound level 
of control over our environment and 
to widespread effects on nature. Often 
the benefits which are the original aim 
of a particular application of science 
are accompanied by secondary effects 
that cause unanticipated harm. The ap- 
plication of new scientific advances 
calls for social decisions which weigh 
the benefits against the disadvantages, 
and the public needs to have the facts 
relevant to such a decision. The sci- 
entific community faces an immediate 
need for developing the necessary edu- 
cational programs. Important examples 
of such problems include: (i) the gen- 
eral effects of technological advances, 
such as that of automation on industrial 
development, or of rapid social changes 
on health; (ii) the effects of radiation 
from military and peaceful applications 
of nuclear energy; (iii) the effects of 
new organic insecticides, food addi- 
tives, and food colors on animals and 
man; (iv) artificial control of the 
weather; and (v) population control. 

2) The association of scientific re- 
search and military activities. Military 
usefulness is, at present, a dominant 
motivation in the social support of sci- 
entific research and has a profound 
effect on the development of our sci- 
entific establishment. Any significant 
change in the pattern of military activi- 
ties—disarmament, for example—is 
likely to cause serious changes in re- 
search opportunities. The close associa- 
tion of science with recent military ad- 
vances tends to foster a public image 
of science and the scientist which is 
not in keeping with the inherent goals 
of the discipline. The secrecy associated 
with military applications may restrict 
the development of science. Some ob- 
servers regard the problem of prevent- 
ing the catastrophic application of the 
power of science in war as a matter 
which overshadows all others. 

There is an obvious need for the 
scientific community to give attention 
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to the wide range of problems arising 
from the close linkage of science and 
military activity. The role of science in 
possible efforts toward disarmament and 
the practical impact of disarmament 
on scientific research are of immediate 


concern. 

3) International aspects of science. 
Science figures prominently in the in- 
tense political rivalry among the major 
nations of the world. This use of sci- 
ence tends to conflict with its basic 
international character, and means must 
be found to resolve this difficulty. A 
useful innovation has been the develop- 
ment of collaborative international sci- 
entific programs, such as those associ- 
ated with UNESCO, the World Health 
Organization, CERN, and the IGY. A 
number of proposals for similar pro- 
grams in medicine, space research, and 
oceanography have been made. This 
area is a fruitful field for developing 
new ways to foster a sound develop- 
ment of collaborative science. Of partic- 
ular importance are international pro- 
grams to provide scientific and tech- 
nological assistance to underdeveloped 
nations. 

4) Government support for scientific 
research. This problem has received 
considerable attention in the last few 
years, but two recent discussions [the 
Parliament of Science (March 1958) 
and the Symposium on Basic Research 
(May 1959)] have shown that no ade- 
quate solution is in sight. The basic 
difficulties seem to be the absence of 
any over-all rationale in the support of 
science and the overemphasis on proj- 
ects that give promise of immediate 
practical results. We find, as a conse- 
quence of this emphasis, that the major 
part of governmental research support 
(about 87 percent in the projected 1961 
budget) is in the military area, that 
basic research is inadequately sup- 
ported, that the pattern of support is 
not conducive to the development of 
free inquiry into nature, and that the 
narrow base of support is distorting the 
development of science as a whole, in 
our universities in particular. Various 
solutions have been proposed, none of 
which has as yet received really wide 
support in the scientific community. A 
specific example is the proposal for the 
establishment of a federal Department 
of Science. Clearly, further analysis 
and discussion of this problem are 
greatly needed. 

5) How can scientists best meet their 
social responsibilities? From what has 
been said above it is clear that the 
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scientific community has not yet devel- 
oped a widely accepted means of per- 
forming its function in connection with 
public issues related to science. It 
would be useful, therefore, to stimulate 
discussion among scientists on how 
such activity can best be developed 
and to encourage efforts which seem to 
promise success. 

6) The integrity of science. As sci- 
ence becomes more deeply involved in 
the frequently discordant affairs of pub- 
lic life and in highly competitive social 
endeavors, we may expect a growing 
pressure toward relaxation of the tradi- 
tional rules for the conduct of science: 
objective, open communication of re- 
sults; rigorous distinction between fact 
and hypothesis; candid recognition of 
assumptions and sources of error. It is 
these rules which permit science to 
progressively increase our understand- 
ing of and control over nature. With- 
out them science becomes useless, and 
even dangerous to the social order. If 
the scientific community is to accept 
the obligation to participate in public 
affairs, means must be found to 
strengthen the discipline’s rules of con- 
duct. Some observers favor the adoption 
of a code of ethics; others propose less 
direct means of maintaining scientific 
objectivity. To begin with, there is a 
clear need for candid discussion of this 
problem. 


Proposed Procedures for 
AAAS Consideration 


We wish to confirm the general pro- 
cedural approach suggested by our 
antecedent committee in its 1958 report 
to the AAAS Board of Directors. In 
summary we suggest that AAAS activi- 
ties follow these steps with respect to 
any given issue: 

1) Stimulation of discussion, within 
the scientific community, of issues relat- 
ing science and human welfare. Such 
discussion would result in the identifi- 
cation of issues which the scientific 
community regards as of most im- 
mediate interest and would serve as a 
guide for the development of a specific 
program. We urge our colleagues to 
submit articles and comments for pub- 
lication, and we welcome direct com- 
munications to this committee as well. 
Symposia and other discussions on these 
matters should be organized in con- 
nection with the AAAS annual meeting. 

2) Assembly of the facts relevant to 
a given issue. We propose that a de- 





tailed report directed toward the sci- 
entific community be prepared after an 
issue has been identified. Such a report 
would include the relevant data, a dis. 
cussion of assumptions and sources of 
error, and a description of the ex. 
pected consequences of alternative 
courses of action. The report would 
not recommend a specific course of 
action. The report would be made 
widely available to the scientific com- 
munity, either directly or by publica. 
tion in a suitable journal. For the prep- 
aration of such reports we would rely 
on ad hoc committees, conferences, 
and symposia. 

3) Preparation and dissemination of 
reports for the general public. We pro- 
pose that the content of the report 
should then be translated into forms 
suitable for distribution to the public 
through all available channels. This 
step is part of the program of the 
AAAS Committee on Science and the 
Public and would be carried out in ac- 
cordance with plans which that com- 
mittee is developing. An important 
aspect of these activities is the proposed 
appointment of a new member of the 
AAAS staff to supervise work in this 
area. Our own committee will cooperate 
in this stage of the program. 

4) Development of liaison between 
scientists and the public on a local 
basis. It is expected that, as the fore- 
geing program progresses, citizens will 
develop an increasing interest in learn- 
ing more about the facts relevant to a 
particular issue directly from scientists 
in their own community. Many scien- 
tists report an increasing demand from 
local civic groups for lectures on con- 
temporary issues. As already noted, in 
some communities scientists have 
formed organizations devoted to in- 
forming the public about radiation 
problems. The British Association for 
the Advancement of Science has 
organized local groups to meet public 
demand for information on these and 
related problems. The success of these 
activities suggests possible extension, 
both geographically and with respect to 
the types of issues considered. Our 
committee may serve a useful function 
in stimulating such developments. 


Conclusion 


In this report we have reviewed the 
momentous problems which result from 
the interactions between the social order 
and the progress of science. We con- 
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clude that the scientific community 
bears a serious responsibility for help- 
ing to solve these problems, and have 
suggested a program that might accom- 
plish this aim. 

Such a program does not yet exist, 
and it would be appropriate for the 
AAAS to help bring it into being. The 
task is not an easy one. It will add to 


the scientist’s burden of work; it will re- 
quire from the citizen more attention to 
public affairs; it will demand new social 
inventions. But we believe that a society 
capable of producing the enormous new 
powers of science ought to be capable 
of finding the means of comprehending 
their effects on the social order. And we 
are confident that with such understand- 


Some Vistas of Astronomical 


Discovery 


New developments in instrumentation have opened up 
new possibilities in optical astronomy. 


As is the case with all epochs, the 
present one has its own characteristics, 
both in its political and its scientific 
aspects. The science of 1960 is not the 
science of 1920, and, most emphatical- 
ly, the astronomy of 1960 is not the 
astronomy of 1920. 

The differences are not entirely dif- 
ferences in instrumentation and in tech- 
niques; even if the instruments of the 
1950’s had been identical with those of 
1920, we would have been doing dif- 
ferent things with them, because our 
thinking has matured and our approxi- 
mation to reality in the astronomical 
field has improved through the investi- 
gations of the intervening years. 

But the appearance of the new fields 
of radio astronomy and space science, 
with the accompanying revolution in 
instrumentation, is certainly the most 
spectacular astronomical development 
of the past 30 years, and the implica- 
tions for the future in these fields lie 
beyond the range of the imagination. 

However, the field of optical astron- 
omy has also its charms for the future 
—even for earth-bound astronomers 
and telescopes, and I should like to de- 
scribe some of these possibilities as they 
appear to a simple observer. The omis- 
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W. W. Morgan 


sion of further reference to radio as- 
tronomy, and to space, does not mean 
that 1 consider these fields unimportant 
but is, rather, a confession of inade- 
quacy on my part to discuss them. 


Continuities in 19th-Century Science 


A perceptive observer, Jerome S. 
Bruner, emphasized a basic develop- 
ment in 19th-century science—the rec- 
ognition of continuities—and he has 
pointed out the two giant figures in this 
development, Charles Darwin and Sig- 
mund Freud. The former removed, dis- 
pelled, the concept of discrete catego- 
ries for living forms and showed that 
organic connections, relationships, exist 
everywhere, and that man himself could 
no longer be considered a completely 
detached phenomenon. 

Freud showed that in the case of the 
mind itself such absolutes as conscious- 
unconscious and sane-insane have to be 
abandoned, and that, in the case of 
these apparent opposites, a continuous 
sequence of phenomena has to be con- 
sidered. In addition, developed and 
archaic qualities exist simultaneously in 
the same human mind. 





ing, science—as an expression of the 
creative gifts of the human mind—will 
flourish, and the power which it endows 
will be turned more fully to the promo- 
tion of human welfare. 


References and Notes 
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Continuities in Astronomy 


The development toward a concept 
of continuities has been a major fea- 
ture of 20th-century astronomy. The 
idea of some uniqueness in the location 
of the earth, or the solar system, re- 
ceived three destroying blows in this 
century: (i) the demonstration by 
Shapley that the solar system is located 
far indeed from the central region of 
what Kapteyn had called “The Sidereal 
System”; (ii) the demonstration by 
Heber Curtis and by Hubble that our 
own stellar system is by no means 
unique, and that, on the contrary, mul- 
titudes of such systems exist; and (iii) 
the revision of the scale of distances by 
Baade, with its accompanying conclu- 
sion that our own stellar system is not 
unique in size. And, as we pass through 
the mid-century period, we find that 
more detailed study of astronomical 
problems brings us inevitably to a 
broader and broader concept of conti- 
nuities in this field. 

The “either-or” approach grows pro- 
gressively more inadequate to describe 
the newly discovered shadings and re- 
lationships between phenomena. The 
concept of “giant” and “dwarf” stars, 
with its great importance in the histori- 
cal development of stellar astronomy, 
has had to be modified successively by 
the introduction of subdividing cate- 
gories—subgiants, supergiants, sub- 
dwarfs—and, finally, by the recogni- 
tion of continuities. 

The picture that developed out of 
Baade’s brilliant discovery of the two 
stellar populations has had to be suc- 
cessively modified, first by recognition 
of an increasing number of subdivisions 
and now by development of the con- 
cept of a continuity of populations lying 
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all along the range between Baade’s ex- 
treme population I and extreme popula- 
tion II. 

In the field of star clusters, an equally 
drastic change in point of view is tak- 
ing place; the two historical categories 
of globular clusters and open clusters 
are becoming indistinct, and in their 
places comes the realization that the 
star-clustering phenomenon is probably 
a continuous one—from the extreme ex- 
amples of halo globular clusters to the 
clusterings of stars in dense clouds of 
hydrogen. There can be no doubt that 
this progression toward recognition of 
continuities will develop further in the 
future. 


Some Characteristics of the Present 


If we limit ourselves to optical astron- 
omy from the earth’s surface, certain 
tendencies seem to be clearly visible. 
The first of these is the revolution in 
instrumentation. 

At the present time, to my knowl- 





edge, there are no firm plans in the 
Western countries for the construction 
of optical telescopes larger than the 
giants at the Palomar and the Lick ob- 
servatories; but a great improvement in 
quality and applicability is taking place 
in the design and construction of tele- 
scopes of intermediate size, and (again 
to the best of my knowledge) the most 
significant developments in this direc- 
tion are those going on at the newest 
of American observatories, Kitt Peak 
National Observatory. 

Overshadowing all other instrumental 
development is that of image intensi- 
fication. The real breakthrough in ‘this 
field has already occurred, and it seems 
certain that within a very few years the 
image intensification technique will be 
in use throughout the astronomical 
world. This development is, by itself, 
causing a complete re-examination of 
the types of telescopes that are most 
suitable for the problems of the present 
and future. 

The requirement of high aperture 
for the photographing of faint stars now 
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Visitors to Kitt Peak National Observatory on dedication day inspect the 36-inch telescope. 
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is being reconsidered, and the advan. 
tages of the longer focal lengths in com. 
bination with image intensification tech. 
niques are becoming clear. One result 
of this change in emphasis is that cer- 
tain telescopes now considered to be in 
the twilight of their careers of prime 
usefulness may have a recrudescence of 
life. The 40-inch refractor of the Yerkes 
Observatory is an interesting example. 
After a long and honorable career in 
the forefront of world astronomical re- 
search, it has seen the great reflectors 
take over the commanding role in al- 
most all branches of moderri astronomy, 
For the brighter stars, the great optical 
stability of the 40-inch has given it a 
continuing pre-eminence for the precise | 
determination of relative positions of | 
stars; however, this is almost the only 
field in contemporary astronomical re- 
search where the great reflectors have 
not superseded it in importance. Now, 
with the imminent introduction of light- 
amplification methods into astronomy, 
the speed and efficiency of the 40-inch 
refractor can be increased to such a | 
degree that it may again have a wide 
area of usefulness in astronomy. 

Of course, if another breakthrough 
were to take place in increasing the 
speed of photographic materials, the 
gain in usefulness of long-focus refrac- 
tors would also be very great; if photo- 
graphic emulsions could be increased in 
speed by a factor of 20, the Yerkes 40- 
inch telescope would have prime use- 
fulness in the fields of galaxies, star 
clusters, and other basic areas of re- 
search of the mid-20th century. 








Vistas of the Future 


In site surveys for new observatories, 
one of the most important factors is the 
quality of the seeing—or the atmos- 
pheric steadiness of the star images. 
However, there have also been other re- 
quirements, such as proximity to roads 
and other factors affecting living con- 
ditions. In the future it may well be 
that factors other than seeing and trans- 
parency of the sky can be minimized 





in importance in favor of obtaining 
viewing conditions of absolutely highest 
quality. The observatory on Pic du Midi 
in France has seeing of superlative qual- | 
ity; access to this observatory is diffi- 
cult, and living conditions are satisfac- 
tory only because of great preparatory 
efforts; however, in these days of major 
technological advances a very great 
range of sites becomes available, and 
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comtortable living conditions can be 
provided almost anywhere. 

Because of these developments, sur- 
veys can now be carried out that have 
as their purpose the location of the 
finest possible observatory sites, with 
much less attention given to accessibil- 
ity than in the past. Then the problem 
of installing the best possible instru- 
ments on these sites and arranging for 
satisfactory living conditions becomes a 
technological one. It seems quite pos- 
sible that this approach may furnish 
sites for future observatories far su- 
perior to any now in use on the earth’s 
surface, and intermediate in quality be- 
tween the best of existing observatory 
sites and those contemplated for future 
establishment on vehicles outside the 
earth’s atmosphere. 

And now, let us look for a few mo- 
ments at some of the vistas in astronom- 
ical research itself. The safest predic- 
tions for the future are those in areas 
where breakthroughs in method have 
occurred recently—methods which have 
not yet been utilized, except in a pre- 
liminary fashion. I shal! refer briefly to 
several instances of this kind. 

1) A few years ago, Bengt Strémgren 
developed a method whereby, from pre- 
cise measurements of a star’s radiation 
within certain narrow, specially selected 
spectral regions, he was able not only 
to determine the true luminosity, or 
candle power, of a star but also to de- 


rive the stage in evolution of the star— 
and therefore, in principle, its age. This 
method of Strémgren’s, as used by him- 
self and by his pupil D. L. Crawford, 
now makes possible the determination 
of distances and ages of hundreds of 
thousands of stars, and this with the 
use of telescopes no larger than the 
completed 36-inch reflector of the Kitt 
Peak National Observatory. 

And what problems can be solved 
by this kind of observation? Problems 
concerning the precise nature and loca- 
tion of the spiral arms of our galaxy 
and the arrangement in space of stars 
of varying ages and physical charac- 
teristics, and there is even the possibility 
—with the giant telescopes of Palomar 
and Mount Hamilton—of investigating 
the physical similarities and differences 
of stars in the galaxies nearest to our 
own. 

2) One of the most active fields in 
present-day astronomy is the study of 
galaxies, or great clusterings of stars 
similar to the Milky Way system in 
which our sun and planets are located. 
Investigation by means of the spectro- 
scope shows that some galaxies are com- 
posed principally of hot, blue stars and 
gas, while others are composed princi- 
pally of cooler yellow and red stars, 
there being little evidence of large quan- 
tities of gas; intermediate between these 
two categories are galaxies having mixed 
characteristics, of hot and cooler stars 


Science in the News 


Basic Research in the Defense 
Department: The Department’s View 


Final agreement on the $40 billion 
Defense budget was reached last week 
just before the congressional recess be- 
gan. The appropriations include over 
$4 billion for RDT & E—research, de- 
velopment, test, and evaluation. A 
small proportion, roughly 3 percént, of 
this will be spent on basic research, but 
a small proportion of this huge sum 
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makes up a very significant portion of 
the total amount of money the govern- 
ment spends for basic research. 

The official budget lists $136 million, 
but together with other sums that prop- 
erly should be considered basic re- 
search, the Defense Department will 
probably spend $150 million during 
the 1961 fiscal year, which began 1 July. 
This will be about one quarter of the 
total federal investment in basic re- 
search, and compares with a little over 


together and intermediate amounts of 
gas. 

Now a relationship exists between the 
forms of the galaxies and the stellar 
populations just described. The galax- 
ies that contain the greatest proportion 
of extremely hot stars and gas turn out 
to be irregular in shape, with little con- 
centration of their light toward their 
centers. On the other hand, galaxies 
composed principally of the cooler yel- 
low-red stars are found to possess ex- 
tremely luminous central regions and a 
generally symmetrical appearance. 
From an extension of these conclusions 
it becomes possible to make an approx- 
imate determination of the stellar and 
gaseous characteristics of galaxies from 
a simple inspection of their forms. And 
so, a method is furnished whereby the 
average stellar-population characteris- 
tics of galaxies can be determined over 
extended regions of the universe. 

I could describe many other instances 
of exciting possibilities for astronomical 
research in the future; however, we 
must content ourselves here with the 
statement that at no time in the his- 
tory of modern astronomy have there 
been so many golden pathways toward 
the expansion of our basic knowledge 
of the universe; never has there been 
such a rich range of possibilities for 
fruitful investigation by those now 
working, or by those expecting to enter 
the field of astronomical research. 


$100 million to be spent by the Na- 
tional Science Foundation, the govern- 
ment agency specifically created to sup- 
port basic research. 

Because Defense has a fairly good 
idea of where it wants to spend its 
money, its mechanism for giving grants 
is quite different from that of the NSF. 
The foundation picks out what seem to 
be the most promising proposals sub- 
mitted. Defense identifies certain areas 
it wants to support and then uses a sort 
of talent-scout system to seek out peo- 
ple in the universities and foundations 
who can do some work in the area. 
Here are a few samples of the areas 
singled out by an advisory panel last 
year: physics—work with high magnetic 
fields; meteorology—wind fluctuations 
in the upper atmosphere; mechanics— 
theory of elasticity; mathematics—the- 
ory of numbers; geography—explora- 
tion and mapping of the polar regions; 
chemistry—preparation and properties 
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of ultra-pure 
genetics. 

Defense officials cite as a particular- 
ly successful example the grants to 
Kusch and Lamb, of Columbia, which 
led to their discovery of the hyperfine 
structure of hydrogen. The thinking be- 
hind this and many other Defense basic 
research grants has been this: Defense 
was interested in microwave physics; it 
felt that almost any advance in this 
area might turn out to have important 
practical applications. Kusch and Lamb 
were not only working in the forefront 
of this area but they were recognized 
as outstandingly capable men, and ex- 
perience has shown that it is as im- 
portant to support the most promising 
men as to support the most promising 
projects. In this case both the men and 
the project were promising, and the re- 
sults were a Nobel prize for Kusch and 
Lamb and the development of Maser 
extremely low noise amplifying tubes, 
with important applications in long- 
range radar, radio astronomy, missile 
and satellite instrumentation, and other 
areas. 

Until 1957, there was some tendency 
for top-level officials to play down the 
need for basic research. But there now 
seems to be little support in the De- 
partment or in Congress for former 
Secretary of Defense Charles Wilson’s 
“who cares why the grass grows green” 
school. 

Projects such as those of Kusch and 
Lamb make it an easily demonstrable 
fact that the military departments have 
derived tremendous benefits from the 
basic research they have sponsored. 
Transistors, which make possible the 
miniaturized electronic devices that 
control the latest weapons, were devel- 
oped by Bell Laboratories on the basis 
of studies in solid-state physics spon- 
sored by Defense during the early post- 
war years. Studies in hydrodynamics 
sponsored by the Office of Naval Re- 
search supplied information which later 
turned out to be necessary for the de- 
velopment of the Polaris guided missile. 
This weapon, fired from a submerged 
submarine, is regarded as possibly the 
most potent in the Defense Depart- 
ment’s arsenal. Klystron-tube technol- 
ogy sponsored at Stanford for use in 
high-energy electron accelerators for 
studies of subatomic particles led to the 
missile warning system and the moni- 
toring of air activity deep inside Russia; 
the Klystrons are a type of super-pow- 
ered radio amplifying tubes, and they 
made possible the high-power radar 
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used in the missile warning and long- 
distance monitoring systems. 

Defense research officials, backed by 
their committees of outside advisers, 
say the results produced from invest- 
ments in basic research are so impres- 
sive that Defense ought to be doing a 
great deal more of this work, perhaps 
double or more the present level. A re- 
port prepared by the Department’s Ad- 
visory Panel on General Sciences and 
endorsed by the Defense Science Board 
suggested that it is unwise to set a level 
of support in terms of dollars. They 
said that “support . . . should be deter- 
mined by the availability of competent 
scientists rather than the availability 
of funds.” But the research program 
has actually been lagging considerably 
behind the recommendation of the ad- 
visory panels. The totals have been 
climbing every year since Sputnik, but 
the total percentage increase for basic 
research, about 50 percent, has not 
matched the percentage increase for 
over-all R & D. 


Getting Support 


Defense officials dealing with basic 
research point to several reasons why 
support is not as great as they would 
like it to be. According to their view 
the problem is partly one of budgeting, 
partly the over-all concept of Defense 
research and development. They say 
it is difficult to get a department op- 
erating within budget restrictions to set 
aside money for things which may turn 
out to be valuable at some unforeseen 
time in the future when the department 
feels a strong and immediate need to 
spend all the money it has for things 
it can buy this year. The problem is not 
peculiar to the Defense Department. 
The difficulty in getting an adequate 
program in oceanography [Science 131, 
1592 (27 May 1960)] stemmed from 
the fact that although the field was rec- 
ognized as important to the nation, it 
was fragmented among a dozen or so 
agencies none of which was inclined to 
give it much consideration in compari- 
son with the other programs the agen- 
cies had to pay for within their budgets 
—programs which had a more direct 
short-range importance. 

The problem is made more difficult, 
Defense research officials say, by the 
“systems” concept of R&D. There is 
nothing wrong with the concept, the 
Officials say; indeed it works very well. 
It applies, or at least attempts to apply, 
the idea of the assembly line to R & D; 
that is, it is hoped that the over-all proj- 





ect will develop in such a way that each 
component of the system will be ready 
when it is needed. This works well 
enough for applied research, where it 
is at least comparatively easy to esti- 
mate how long it will take to get some- 
thing done, but it leaves little room for 
basic research. It is almost impossible 
to guess when a basic breakthrough 
will take place, or even to guess what 
the exact nature of the breakthrough 
will be or where the information de- 
veloped can be put to practical use. 
This means that, for the most part, the 
big development projects are based on 
fundamental research that has already 
been done. It leads to a tendency to 
merely assume the existence of basic 
information and to forget that much of 
it would not exist except for basic re- 
search sponsored in earlier years. 

But despite such difficulties there are 
certain advantages in having a great 
deal of basic research sponsored by op- 
erating agencies like Defense rather 
than in placing it all under a single out- 
side agency such as the National Sci- 
ence Foundation or the often proposed 
Department of Science. 

Defense officials argue that people 
who are close to the applied programs 
necessarily develop an awareness of the 
areas where research is going to be 
most valuable; they point out that no 
change in organization could relieve the 
Defense Department of the responsi- 
bility for seeing to it that basic research 
is pushed in aréas that are vital to na- 
tional security. To assign all basic re- 
search to an independent agency would 
merely separate assigned authority from 
inescapable responsibility. It would add 
another layer of organization to a gov- 
ernment which already appears to be 
so big that it has a sometimes embar- 
rassing difficulty in coordinating its ac- 
tivities and making decisions. 

The Defense officials claim that even 
the occasional criticism that money is 
wasted on projects that are not very 
promising is really a further argument 
for keeping the research within the De- 
partment, where it will be close to peo- 
ple involved in applied R & D. They 
say that it is and should be the policy 
of the department to occasionally gam- 
ble on projects that may appear risky, 
but which may lead to a major break- 
through. The Defense Department 
spends billions every year on R & D; 
it is thus a matter of common sense 
that it should be willing to gamble a 
few hundred thousand dollars on a re- 
search project that may develop infor- 
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mation that could save hundreds of 
millions later on. Officials view it as 
part of the function of the Defense 
basic research program to support these 
risky projects which an agency like the 
NSF, not so closely aware of potential 
practical applications, is likely to be 
unwilling to support. There seems to 
be substantially less of the “that’s been 
tried before and it isn’t going to work” 
attitude in Defense than in NSF, and 
the Defense officials argue that that is 
precisely the way it should be. 





Congressional Recess: Some Matters 
Left Undecided until August 


There has been a great deal of specu- 
lation over the exact reason for the 
Congressional recess and even more 
over what the postconvention session 
will accomplish. The oply precedent is 
the 1948 session Harry Truman called 
in order to dramatize his charges about 
the “do-nothing” 80th Congress. That 
session accomplished nothing of signifi- 
cance, since the Republicans who con- 
trolled it understandably had no inten- 
tion of carrying out Truman’s program. 
This time the situation is very different: 
the session is being called on the initia- 
tive of the party that controls the Con- 
gress, and the Democrats will neces- 
sarily be making a determined effort to 
make at least a start toward carrying 
out the program of their newly adopted 
platform. 

During the closing hours before the 
recess, both houses adopted the con- 
ference report on Independent Agency 
appropriations (Science, 1 July 1960). 
This included $175.8 million for the 
National Science Foundation and $915 
million for the Space Agency. Both 
houses also cleared the “Health for 
Peace” proposal. Action was put off 
until August on the HEW appropriaticn 
with its big proposed increase in funds 
for medical research, and on the Ant- 
arctic treaty, which in effect interna- 
tionalizes the Antarctic, outlawing the 
establishment of military bases there and 
opening the entire continent to the scien- 
tific expeditions of all nations. 

One thing that is certain is that fed- 
eral support of scientific research and 
development will reach a new high in 
the fiscal year that began 1 July. It will 
run close to $9 billion, substantially 
more than the total of all nonfederal 
support for R&D and triple the pre- 
sputnik level prevailing before fiscal 
1958—H.M. 
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Eugenics in New Guinea 


A plan to introduce a eugenic policy, 
apparently without precedent anywhere, 
has just been announced by the ad- 
ministration of the Territory of New 
Guinea [South Pacific Post (24 May 
1960)]. This measure affects the tribe of 
Fore, some 30,000 strong, which in- 
habits an area of about 884 square 
miles in the Eastern Highlands. Almost 
half of the women and one-tenth of the 
men of the Fore tribe die of a heredi- 
tary disease known as kuru. This is a 
grave neuropathological disturbance for 
which no cure is known and which 
leads to death, usually within a few 
months from the appearance of the first 
symptoms. 

As shown by studies conducted in 
the Fore area by a group of investiga- 
tors from the University of Adelaide 
(South Australia), kuru is transmitted 
by a gene which behaves apparently 
as a Mendelian dominant in females 
and a recessive in males. The presumed 
homozygotes of both sexes die in child- 
hood, usually before adolescence; 
heterozygous females die later, after 
most of them have produced children. 
The extremely high incidence of kuru 
in the Fore tribe and its absence in 
neighboring tribes except as_ intro- 
duced by migrants from the Fore area 
remain unexplained. The heterozygous 
carriers of the gene for kuru probably 
possesss some considerable adaptive ad- 
vantage, both the males who survive 
and perhaps also the females who die 
after having completed at least a part 
of their reproductive lives. The nature of 
this advantage is, however, completely 
unknown. 

In part because of the ravages of 
kuru, some portions of the Fore tribe 
have great excesses of males over 
females (as much as 2.5 males per 
female). Fore men tend to move into 
neighboring tribes, and some of them, 
like members of tribes in which kuru is 
unknown, come as contract laborers to 
work on plantations in other parts of 
New Guinea. Since many of them are 
heterozygous carriers of the gene for 
kuru, it is feared that the disease may 
spread and afflict the populations of 
other districts. 

To counteract this danger, the ad- 
ministration’s plan is to quarantine the 
Fore tribe, by prohibiting the emigra- 
tion of its members from the tribal 


area. All Fore men who have been 
recruited as laborers from the area will 
be returned there. This is obviously a 
severe restriction to be imposed on a 
whole tribe. Realizing this, the admin- 
istration is considering ways and means 
of developing the Fore area to provide 
work for its people and to make emigra- 
tion unnecessary. The study of the 
disease is to be continued, in the hope 
of finding a remedy for kuru victims 
and a way of identifying the carriers of 
the kuru gene in heterozygous condi- 
tion before the appearance of the 
disease symptoms. 

THEODOsSIUS DOBZHANSKY 
Department of Zoology, 
University of Sydney, 
Sydney, Australia 


Documentation Center Opened 


A Scandinavian Documentation Cen- 
ter (SCANDOC) was opened recently 
in Washington, D.C., to further the ex- 
change of scientific and technical in- 
formation and documentation among 
the Scandinavian countries, the United 
States, and Canada. SCANDOC, a non- 
profit organization offering free service, 
is financed and directed by the research 
councils and scientific academies of the 
four Scandinavian countries through 
their common Scandinavian Council 
for Applied Research. 

The center will procure nonclassified 
and nonconfidential documents and in- 
formation not readily available and will 
channel this information to the in- 
terested countries through informa- 
tion offices organized under the re- 
search councils and academies of the 
countries concerned. Arne Sverdrup, 
former head of the Laboratory for 
Steroid Research of the Norsk Hydro’s 
Institute for Cancer Research, Oslo, 
will head SCANDOC. Sverdrup is also 
science attaché at the Norwegian Em- 
bassy. 


Dedication of NIH Building 


The Division of Biologics Standards 
Building of the National Institutes of 
Health, Bethesda, Md., was dedicated 
on 30 June. Roderick Murray, director 
of the division, delivered the principal 
address, which commemorated the fifth 
anniversary of the creation of the divi- 
sion as a separate unit of NIH. 

The $3.5 million structure was de- 
signed to house the scientific and ad- 
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ministrative operations of the division, 
which is responsible for the safety, 
purity, and potency of all biological 
products within the jurisdiction of the 
Public Health Service. 

King Bhumibol Adulyadej of Thai- 
land was invited to dedicate the new 
building in recognition of his work to 
improve health measures in his country 
and his interest in the SEATO-NIH 
Cholera Research Project. The work of 
U.S. and Thai scientists during the 
1958-59 cholera epidemic in Thailand 
demonstrated, by a greatly reduced 
death rate, the value of collaborative 
research. The U.S. cholera research ad- 
visory group was headed by Joseph E. 
Smadel, NIH associate director for in- 
tramural research, who will become 
chief of the laboratory of virology and 
rickettsiology of the Division of Bio- 
logics Standards. 


Symposium on Experimentation 
below the Microgram Range 


The National Academy of Sciences- 
National Research Council recently 
sponsored a symposium on _ Experi- 
mentation below the Microgram Range. 
Attendance was limited to 27 invited 
participants. The proceedings will be 
published in a separate issue of the 
Microchemical Journal this fall. 

Nicholas D. Cheronis of Brooklyn 
College was chairman of the planning 
committee and general chairman of the 
symposium. In his opening address, 
Cheronis stated that two of the princi- 
pal objectives of the meeting were (i) to 
stimulate interest in the field and (ii) to 
gather investigators from separate areas 
of the natural sciences to exchange in- 
formation on the problems of such ex- 
perimentation. 

Henry Eyring, dean of the Graduate 
School of the University of Utah, de- 
livered the closing lecture, in which he 
discussed the theoretical aspects of 
kinetics of chemical reactions in the 
microgram and submicrogram range. 
He asserted that surface reactions are 
more critical at the submicrogram 
range. 


Committee Established for 
Cell Culture Collection 


The Cell Culture Collection Coordi- 
nating Committee was established on 
3 June on the recommendation of the 
advisory panel on viruses and cancer of 
the National Advisory Cancer Council. 
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The committee’s primary aim is the 
development of criteria to certify 
strains of mammalian cells. Meetings 
between virologists and cell culturists, 
which were sponsored by the National 
Cancer Institute during the past year, 
indicated the need for a new disciplin- 
ary approach to the study of cell cul- 
tures. 

Fourteen U.S. laboratories will as- 
sist the committee; two will undertake 
most of the cell line characterization 
and one will act as a central repository 
and distribution center. Lewis L. Coriell, 
research director of the South Jersey 
Medical Research Foundation, Cam- 
den, and Cyril S. Stulberg, senior re- 
search associate in the Child Research 
Center of Michigan, Detroit, will estab- 
lish the first centers for the study and 
banking of cell strains. William A. 
Clark, director of the American Type 
Culture Collection, Washingtan, D.C., 
will direct the central repository. 

In addition to Coriell, Stulberg, and 
Clark, the committee is composed of 
the following scientists. 

Joseph W. Beard, professor of ex- 
perimental surgery and associate pro- 
fessor of virology, Duke University 
School of Medicine. 

John F. Enders, chief of the research 
division on infectious diseases, Chil- 
dren’s Medical Center, Boston. 

Morgan Harris, professor of zoology 
and chairman of the department, Uni- 
versity of California, Berkeley. 

John G. Kidd, professor of pathol- 
ogy, Cornell University Medical School. 

Jerome T. Syverton, professor of 
bacteriology and head of the depart- 
ment, University of Minnesota Medical 
School, Minneapolis, chairman. 

All inquiries should be sent to the 
committee chairman in Minneapolis. 


News Briefs 


Translating Soviet journals. The 
Soviet publishing firm Mezhdunarod- 
naya Kriga and Consultants Bureau 
Enterprises of New York renewed, for 
a 2-year term, a contract covering the 
exclusive translation into English of 23 
major Soviet scientific journals. The 
agreement was concluded between 
Aleksandr Belostotsky, an official of the 
Moscow firm, and Earl Coleman, presi- 
dent of Consultants Bureau. The origi- 
nal contract, made in 1958, was the 
first such agreement between an Ameri- 
can publisher and the Soviet Union; the 
contract was renewed for 1 year in 
1959. A special clause in the new 





agreement requires the Moscow com- 
pany to notify Consultants Bureau of 
publication of any new scientific and 
technical Russian journals. 

* * * 

Conference on aging. The 5th con- 
gress of the International Association of 
Gerontology will meet in San Francisco, 
7-12 August. All papers will present 
results of original research or systematic 
evaluations of operating programs, 
They will cover the biological, clinical, 
psychological, and sociological aspects 
of the aging process. Additional infor- 
mation may be obtained from Louis 
Kuplan, President, Fifth International 
Congress of Gerontology, P.O. Box 
2103, Sacramento 10, Calif. 

* * % 

Nutritionists meet. A symposium on 
world food needs and food resources 
will highlight the program of the Sth in- 
ternational Congress on Nutrition in 
Washington, DB.C., 1-7 September. The 
balance of the program will be divided 
into panel discussions and sessions of 
short papers on unpublished original 
research. The organizing committee 
will offer lectureship appointments, 
through the cooperation of American 
universities and research centers, and 
travel grants to aid foreign scientists 
who plan to attend the congress. For 
full information write to Milton O. Lee, 


General Secretary, 9650 Wisconsin 
Avenue, NW, Washington 14. 
x * & 


Centennial conference. A conference 
will be held in London, 20-23 Septem- 
ber, to commemorate the centennial of 
the passage of the world’s first pure 
food act. Papers reviewing the contribu- 
tions of legislation and technology to 
the establishment of high standards of 
food purity will be presented by sci- 
entists from Canada, England, the 
United States, and Wales. Inquiries 
should be sent to A. J. Amos, Chair- 
man of the Executive Committee, Pure 
Food Centenary 1960, The Secretariat, 
14 Belgrave Square, London S.W.1. 

* * * 

Teratology Society. Scientists in- 
terested in the etiology and morpho- 
genesis of congenital malformations 
have formed the Teratology Society of 
America as a result of action taken at 
the 4th teratology conference, held 
earlier this year in New York. The Na- 
tional Foundation assisted in the forma- 
tion of the society. Inquiries should be 
addressed to the secretary-treasurer, 
Marjorie M. Nelson, Department of 
Anatomy, School of Medicine, Univer- 
sity of California, San Francisco 22. 
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Scientists in the News 


The Gravity Research Foundation of 
New Boston, N.H., has presented 
awards to five scientists for essays. 

Lloyd Motz, of Rutherfurd Observa- 
tory, Columbia University, received 
$1000 for his essay on gravity and the 
nature of fundamental particles. 

Banesh Hoffmann, of the department 
of mathematics, Queens College, Flush- 
ing, N.Y., was awarded $300 for his 
paper on the noon-midnight red shift. 

F. J. Belinfante, of the department 
of physics, Purdue University, received 
$200 for his essay on whether fast mo- 
tion or fast rotation or vibration of an 
object can decrease the effect of gravity 
on it. 

W. F. G. Swann, director emeritus 
of the Bartol Research Foundation, 
Swarthmore, Pa., was awarded $150 
for his paper on the possibility of devel- 
oping a shield against gravitation. 

Charles J. Lyon, of the department 
of botany, Dartmouth College, re- 
ceived $100 for his essay on the de- 
pendence of plant form and function 
on gravity. 


Charles W. Hargens, head of the 
bioelectronics branch of the Franklin 
Institute Laboratories, has been pro- 
moted to technical director in charge 
of electrical engineering. Hargens will 
direct research and development pro- 
grams in electronics, life sciences in- 
strumentation, electromechanics, and 
power and control systems. 


Waclaw Szybalski, former head of 
the microbial genetics unit of the Insti- 
tute of Microbiology of Rutgers Uni- 
versity, is continuing his work on the 
molecular genetics of bacterial and 
human cell lines as associate professor 
of oncology in the McArdle Memorial 
Laboratory of the University of Wis- 
consin Medical School. 


Harris Busch, professor of pharma- 
cology at the University of Illinois, will 
become chairman of the department of 
pharmacology at Baylor University on 
1 September. 


Arthur W. Galston became chair- 
man of the department of botany of 
Yale University on 1 July. He will 
spend the academic year 1960-61 on 
sabbatical leave in Canberra, Australia. 
Norman H. Giles will serve as acting 
chairman in Galston’s absence. 

Ian M. Sussex, of the department of 
biology of the University of Pittsburgh, 
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became an associate professor in Yale’s 
botany department on 1 July. Diter H. 
von Wettstein, of the Forest Genetics 
Institute in Stockholm, was also named 
associate professor in botany. 


Donald B. Shutt, dairy bacteriologist 
in the department of microbiology of 
Ontario Agricultural College, Guelph, 
Canada, retired on 30 June. He is a 
specialist in the flavor and color defects 
in dairy products, and in dairy sanita- 
tion. 


Four British scientists are visiting the 
United States this summer. 

H. Davson, a member of the Medi- 
cal Research Council’s scientific staff 
at the department of physiology of the 
University College (London), began a 
3-month assignment at Woods Hole 
Marine Biological Laboratory at the 
end of May. 

H. A. Gebbie, principal scientific 
officer in the basic physics division of 
the National Physical Laboratory 
(Teddington), is spending a month at 
Brigham Young University, Provo, 
Utah, before attending the Gordon 
Research Conference on infrared spec- 
troscopy, 22-26 August. 

E. King, a member of the Medical 
Research Council’s scientific staff in 
the department for research in indus- 
trial medicine at the London Hospital, 
will be in New York from 24 to 31 
July to attend the International Con- 
gress on Occupational Health. 

E. G. Youngs, senior scientific officer 
at the Agricultural Research Council’s 
unit of soil physics (Cambridge), will 
begin an 8-month visit on 11 August. 
He will visit the University of Wis- 
consin, the University of Illinois, and 
the U.S. Salinity Laboratory (Riverside, 
Calif.). 


Gladstone B. Heisig has been named 
professor emeritus of chemistry at the 
University of Minnesota, after 41 years 
of service. 


Ivor Griffith, president of the Phila- 
delphia College of Pharmacy and Sci- 
ence, has been named the 37th re- 
cipient of the Remington Honor Medal 
by the American Pharmaceutical As- 
sociation. The medal will be presented 
at the awards dinner on 7 December 
in New York. 


Henry Turkel of Detroit, Mich., is 
a visiting professor on the Faculty of 
Medicine and Pharmacy, Port au Prince, 
Haiti. 


E. R. Tompkins is now assistant to 
the Naval attaché in the U.S. Office 
of Naval Research in London, where 
he is responsible for liaison in physical 
and nuclear chemistry between ONR 
and European research installations. 
Tompkins formerly headed the chem- 
ical technology division of the US. 
Naval Radiological Defense Labora- 
tory in San Francisco. 


Robert J. Anderson, chief of the 
Communicable Disease Center of the 
Public Health Service in Atlanta, is now 
deputy chief of the service’s Bureau of 
State Services. 


Harla Ray Eggleston, professor of 
biology and chairman of the depart- 
ment at Marietta College, Marietta, 
Ohio, retired on 6 June after 45 years 
as head of the department. Eggleston 
is an authority on the ecology of the 
bivalve mollusca. He received the 
bachelor’s degree from Hamilton Col- 
lege in 1912, the master’s from Harvard 
in 1913, and a doctor of science degree 
from Hamilton in 1950. 


Recent Deaths 


Joseph K. Folsom, Boston, Mass.; 
66; professor of sociology at Vassar 
College, 1931-59; former editor of the 
American Sociological Review; 3 June. 

Ivan M. Johnston, Cambridge, Mass.; 
62; associate professor of botany at 
Harvard University; associate director 
of the Arnold Arboretum, 1948-53; 
authority on American flowering plants; 
1 June. 

Theodore K. Just, Chicago, Ill.; 55; 
chief curator of botany of the Chicago 
Natural History Museum; professorial 
lecturer in the department of botany of 
the University of Chicago; 14 June. 

William St. Lawrence, Southampton, 
N.Y.; 72; founder of the clinic for 
study of heart disease in children at 
St. Luke’s Hospital, New York; asso- 
ciate in the diseases of children at 
Columbia University College of Physi- 
cians and Surgeons, 1920-29; 3 June. 

Wladimir S. Woytinsky, Washington, 
D.C.; 74; former research director of 
the Twentieth Century Fund and re- 
search professor at Johns Hopkins Uni- 


versity; economist, statistician, and 
writer; 11 June. 
Constantin P. Yaglou, Belmont, 


Mass.; 63; professor of industrial hy- 
giene at the Harvard School of Pub- 
lic Health; expert on human adaptation 
to climatic extremes; 3 June. 
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The Politics of National Party Conven- 
tions. Paul T. David, Ralph M. Gold- 
man, and Richard C. Bain. Brookings 
Institution, Washington, D.C., 1960. 
592 pp. $10. 


It is not surprising that many people 
are puzzled regarding what to think of 
our national party conventions. On the 
television screen we witness a scene of 
zany confusion. From the political gos- 
sips we learn that behind this confusion 
powerful bosses make deals in smoke- 
filled rooms. Perhaps we also remember 
being taught that these gatherings are 
the highest representative assemblies of 
our two great parties, where the voice 
of the people somehow prevails, choos- 
ing the best candidates available for our 
highest office. 

If we are puzzled, one excuse is that 
little systematic study has been made 
of the nominating process. That ex- 
cuse is removed by this massive study. 
(Incidentally, there is also available a 
paperback edition, condensed to about 
half the length of the original work.) 

The focus of the book is on the con- 
ventions as a means of selecting nomi- 
nees for President. But the authors are 
also concerned with the broad historical 
development of American politics and 
with how it has affected and been af- 
fected by the changing process of nomi- 
nation. Two trends are given particular 
attention. One is the “nationalizing” of 
American politics—or to put it nega- 
tively, the decline of sectionalism and 
localism. The great era of sectional poli- 
tics ran from the first election of Mc- 
Kinley in 1896 to the Al Smith—Herbert 
Hoover campaign in 1928. Opposed to 
the solidly Democratic South was a 
block of states, which, especially in the 
Northeast, were almost as solidly Re- 
publican: in the election of 1896, for 
instance, the Republicans carried every 
county in the six New England States. 
This was the heyday of powerful state 
bosses—Platt, Quay, Hanna—who pro- 
vided “the main centers of organization 
and maneuver within the contesting 
factions” at the conventions. Beginning 
in 1928 a massive realignment of the 
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party electorate took place, the Repub- 
licans becoming more clearly identified 
with the white collar, professional, and 
well-to-do classes, and the Democrats 
with organized labor, ethnic and religi- 
Ous minorities, and the poor. : 

This shift in the social bases of th 
parties has been reflected in the back- 
ground of convention delegates. Far 
fewer Catholics and Jews take part in 
the Republican convention. In 1952 the 
labor caucus at the Democratic con- 
vention included about 100 votes, while 
the labor vote at the Republican con- 
vention was probably aot over 10. Out- 
standing businessmen can still be found 
among Democratic delegates, but they 
are about twice as numerous at Re- 
publican conventions, which also in- 
clude a much higher number of the very 
rich. 

This electoral realignment and the 
rise of new economic and social issues 
also had consequences for the power 
structure of the parties and their con- 
ventions. The decline of the state boss 
was hastened, as power moved toward 
national leaders better able to organize 
and compete on a nation-wide scale. 
Moreover, this national leadership has 
become less dispersed and more closely 
knit. Unlike most political parties in 
other countries, American parties have 
often done without any single continu- 
ing “inner circle” of leaders. But today 
the American party, at least when in 
power, has developed a fairly tightly 
organized presidential wing. And even 
in the out party, the position of -titular 
leader has been strengthened. A shadow, 
however, is still cast on his position 
by the fact, except for Cleveland, 
no man who has been once defeated as 
his party’s candidate has been able to 
go on from renomination to victory in 
the ensuing election. 

Along with the nationalizing of 
American politics has gone a second 
major development, an increasing pub- 
lic participation in the nominating proc- 
ess. This has been brought about, in the 
first place, through the presidential pri- 
mary, in which party members directly 
elect delegates or give them some sort 





of instruction concerning their presi- 
dential preference. In 1956 half the 
delegates to the conventions were 
elected or instructed in this way. Yet 
during the interwar years, presidential 
aspirants did not attach much impor- 
tance to the primaries, and the hectic 
preconvention campaign based on a 
wide use of primaries is the product of 
very recent times and especially of two 
men, Harold Stassen in 1948 and Estes 
Kefauver in 1956. 

Public opinion polls, widely reported 
in the press and over the air, have also 
enhanced public influence, identifying 
the front runners and concentrating at- 
tention on them. At the same time, close 
reporting of the sentiments of political 
leaders and potential delegates, by sug- 
gesting which aspirants have a real 
chance of nomination, tends to elimin- 
ate the hopeless cases. One result of 
these changes has been to narrow the 
field of aspirants to those who have 
established their positions in the pre- 
convention campaign, which has come 
to perform much of the selection proc- 
ess before the convention meets. The 
position of front-runner has become in- 
creasingly desirable; conversely, the 
chance of a “dark horse” coming for- 
ward in a stalemated convention has 
become less likely. 

In the states, the direct primary for 
state-wide office has tended to weaken 
party leadership. Yet in the national 
parties, the integration of top leadership 
does not seem to have been impeded by 
a limited use of the primary. In both 
conventions, however, the old conflict 
between the congressional and the pres- 
idential wings of the party still flares up 
often. Conceivably, the greater prom- 
inence of senators and congressmen as 
presidential aspirants and convention 
leaders may in time throw some bridges 
across this gap. 

SAMUEL H. BEER 
School of Public Administration, 
Harvard University 


Chemical Analysis of Air Pollutants. 
Morris B. Jacobs. Interscience, New 
York, 1960. 430 pp. Illus. $13.50. 


Public awareness of the extent and 
hazard of air pollution has grown con- 
siderably during the past few years, 
and as a direct result many industrial 
organizations and government agencies 
have been faced with the problem of 
providing adequate analytical service 
for measuring the degree of pollution 
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and controlling it. The nature of air 
pollution chemistry requires an almost 
unique analytical approach that differs 
in both concept and execution from 
classical techniques. As a result, many 
techniques have been evolved, but this 
latest contribution by Morris Jacobs is 
the first single, comprehensive volume 
treating only the analytical aspects of 
air pollution chemistry. 

The range of subjects discussed is 
quite extensive and should cover almost 
any conceivable situation likely to be 
encountered by an industrial or munic- 
ipal air pollution control officer. The 
detailed treatment of each subject will 
allow those unfamiliar with chemical 
analysis to apply the individual methods. 
The book will be of value to chemists 
already familiar with the field, but to 
them the details may seem overpower- 
ing at times. This excessive detail is 
relieved at frequent intervals by discus- 
sions of other aspects of the problem 
such as sampling, data treatment, and 
physical laws. In addition, there is suf- 
ficient theoretical material to allow an 
easy understanding of the methods in- 
volved. This combination of theory and 
detail is the book’s greatest value and 
will be the feature with the widest ap- 
peal. Unfortunately the air pollution 
problem has grown faster than our in- 
clination to measure and control it. 
The methods for measure:ment and con- 
trol-are available, but with the excep- 
tion of a few of the more enlightened 
or harassed communities, there has 
been little application of this knowledge 
to the actual problem. Most control is 
still supervised by agencies which have 
had little experience except in smoke 
inspection. These agencies are often 
understaffed with personnel untrained 
in the pertinent fields; a single volume 
such as this one can be an invaluable 
reference source for use in planning 
and executing control programs. 

The materials covered are, with one 
exception, the usual types of pollutants 
produced in urban areas. The exception 
is an excellent chapter on radiochem- 
ical determinations. Radioactive air 
contaminants are a disputed component 
of the atmosphere, but there is little 
chance that the increased use of nuclear 
processes will decrease the amounts 
present in the atmosphere. It is reassur- 
ing to find that this contamination is 
now considered by an authority such as 
Jacobs to be as significant as soot, dust, 
and noxious vapors. To discuss analyt- 
ical radiochemistry in a single chapter 
without some omissions is impossible, 
but his treatment is a more than 


8 JULY 1960 


adequate summary of most of the pres- 
ent techniques. 

One chapter detracts from the book’s 
excellent coverage; compared with the 
other material, the treatment afforded 
the analysis of the exhaust gas from 
automobiles seems out of place. With- 
out doubt the exhaust from motor ve- 
hicles is an extremely important source 
of pollution, and for this reason great 
emphasis should be placed on the de- 
tection and determination of this sub- 
stance or its reaction products as they 
appear in the atmosphere. Unfortunate- 
ly, Jacobs emphasizes the analysis of 
the gases before emission into the at- 
mosphere. Unless some radical change 
occurs in the internal combustion en- 
gine, there is little need for pursuing 
this aspect of the problem. 

In general, the book is weil arranged. 
The development of the material pro- 
ceeds logically from an initial chapter 
concerning sampling to a final, brief 
chapter that gives practical discussion 
of monitoring instruments. Jacobs is 
perhaps quite familiar with the budget- 
ary problems of most air pollution con- 
trol agencies and has kindly omitted 
mention of most of the more exotic 
and expensive instrumental techniques. 

ERNEST E. HUGHES 
Division of Chemistry, 
National Bureau of Standards 


Medical Physics. vol. 3. Otto Glasser, 
Ed. Year Book Publishers, Chicago, 
Ill., 1960 Ix + 754 pp. Illus. $25. 


Volumes 1 and 2 of Medical Physics 
have well established their value as out- 
standing standard works in the fields of 
medicophysics and biophysics. Volume 
3, with contributions by 181 experts 
and pioneers in the various fields, car- 
ries on this reputation in an impressive 
way. Volume 3 does not purely augment 
earlier topics; it presents recent devel- 
opments and progress, but it also covers 
many new subjects which have become 
of importance and interest in recent 
years: aviation medicine, the biological 
hazards of space radiation, fluorescence 
microscopy, fluorescopic image amplifi- 
cation, grid therapy and grid protection, 
the ultraviolet color-translating micro- 
scope, and modern microradiography, 
to mention a few. 

The presentation throughout makes 
clear, stimulating reading. The refer- 
ences are well selected, the volume is 
arranged alphabetically by title. of the 
topics, and a compendious name index 


provides a quick reference index for the 
three volumes. It is impossible to review 
in detail the 177 chapters of the volume, 
and it is not possible to select the one 
or the other contribution for detailed 
comment since every chapter holds its 
niveau. Otto Glasser has to be congratu- 
lated for being able to assure the col- 
laboration of so many recognized ex- 
perts in the different fields. There is no 
doubt that the new volume will be a 
welcome addition to the existing medi- 
cophysical literature. 

A. T. KREBS 
Biology Department, 
Uiiiversity of Louisville 


Encyclopaedia Zoologica Illustrated in 
Colours. vol. 4, Arthropoda to Pro- 
tozoa Exclusive of Insecta, Echino- 
dermata, and Mollusca. Y. K. Okada 
et al. Hokuryu-kan Publishing Co., 
Tokyo, Japan, 1960. 308 pp. $25. 


This handsome volume, although 
written entirely in the Japanese lan- 
guage except for the scientific names of 
the animals, will be of widespread in- 
terest to naturalists because it portrays 
in color a significant representation of 
the Japanese ‘species of the animal 
groups covered: the Arthropoda (ex- 
clusive of insects), Annelida, Nemathel- 
minthes, Trochelminthes, Nemertini, 
Platyhelminthes, Ctenaria, Coelenterata, 
Porifera, Mesozoa, and Protozoa. The 
first 45 pages, devoted to brief accounts 
of the morphology and classification of 
the phyla included, are well illustrated 
with black-and-white diagrams. This 
section is followed by 123 plates of rep- 
resentative Japanese species of each 
phylum; mostly in color, and including 
marine, fresh-water, terrestrial, and par- 
asitic examples. 

The color reproduction is excellent 
on the whole and makes the American 
reader wish that a comparable guide to 
our invertebrate fauna were available. 
Especially noteworthy are the illustra- 
tions of arachnids and crustaceans. 
Also of interest are the colored plates 
showing some of the more remarkable 
members of the Japanese fauna: the 
platyctenid ctenophores; the peculiar 
genera of stauromedusans; the giant 
hydroid, Branchiocerianthus imperator; 
the ascothoracican cirripedes; the my- 
zostomids; and the garishly colored 
polyclads and nemertines. 

This volume will be of value to pro- 
fessional zoologists who wish to become 
acquainted with Japanese invertebrates 
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as they appear in life and to teachers 
and students who will have an oppor- 
tunity to feast their eyes on the re- 
markable diversity of color and form 
presented by almost every animal group. 
An index to the scientific names of 
all the species of animals illustrated 
provides a useful guide to the book for 
Western readers. 
WILLARD D. HARTMAN 
Peabody Museum of Natural History, 
Yale University 


Digital Computing Systems. Samuel B. 
Williams. McGraw-Hill, New York, 
1959. x + 229 pp. Illus. $7.75. 

An Introduction to Electronic Data 
Processing. Roger Nett and Stanley 
A. Helzler. Free Press, Glencoe, IIl., 
1959. 287 pp. Illus. $6.75. 

Digital Computer Primer. Edward M. 
McCormick. McGraw-Hill, New 
York, 1959. x + 214 pp. Illus. $7.50. 

A Primer of Programming for Digital 
Computers. Marshal H. Wrubel. Mc- 
Graw-Hill, New York, 1959. xv + 
230 pp. Illus. $7.50. 

Programming for Digital Computers. 
Joachim Jeenel. McGraw-Hill, New 
York, 1959. viii + 517 pp. Illus. $12. 

Programming Business Computers. 
Daniel D. McCracken, Harold Weiss, 
and Tsai-Hwa Lee. Wiley, New 
York; Chapman and Hall, London, 
1959. xvii + 510 pp. Illus. $10.25. 


Up until several years ago, the pub- 
lished literature on electronic digital 
computers was very scanty. Most of the 
information was available only to those 
active in the field and was in the form 
of internal reports and memoranda or 
was passed on as part of an oral tradi- 
tion. With the rapid spread of the use 
of computers throughout the economy, 
it became necessary to make this ma- 
terial accessible to the various groups 
whose interests were affected by the 
rapid development of these data pro- 
cessing systems. Many books on com- 
puters have appeared within the past 
few years, and the present group pro- 
vides a relatively good sample of the 
types of books on the market. 

Digital Computing Systems is con- 
cerned primarily with the hardware of 
computers and is written for those fa- 
miliar with electrical circuits and ap- 
paratus. The five major components of 
a computing system—input, output, 
storage, arithmetic, and control—are 
dealt with in the major chapters. Peri- 
pheral subjects such as historical back- 
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ground, number systems, programming, 
and applications are also discussed. 
There are many illustrations of com- 
puter elements and numerous circuit 
diagrams. However, the frequent men- 
tion of relays and other components 
which are on their way out gives the 
book an out-of-date flavor. In addition, 
it is poorly motivated and has no ap- 
parent over-all design. It may have 
some historical interest, but one who 
is interested in the present state of 
computer equipment should look else- 
where. 

An Introduction to Electronic Data 
Processing also describes the five major 
elements of an information-processing 
system, but from a functional view- 
point. It emphasizes what a computer 
can do, not how it does it; it is in- 
tended for the administrator consider- 
ing the advisability of installing a com- 
puting system in his concern\and tells 
what is involved in the operation of 
such a system. The discussion covers 
the problems of personne! as well as 
the difficulties resulting from conver- 
sion to the computer-oriented system. 
This conversion problem, in all its ram- 
ifications, has been a costly stumbling 
block for many organizations which 
have been sold a computer as the solu- 
tion to their growing paperwork prob- 
lem but which have not been alerted 
by the salesmen to the revolutionary 
impact this would have on their en- 
tire operation. The book concludes with 
an appendix describing electronic data 
processing systems of several leading 
manufacturers. 

Digital Computer Primer is written 
for the well-informed layman. As such, 
a rather complete picture of the com- 
puter business is given in elementary 
terms, but applications are not dis- 
cussed. There are some inaccurate gen- 
eralizations which the author admits 
making to simplify the picture; he 
hopes that, with time, the exceptions 
will disappear as a greater degree of 
standardization is attained among 
computer manufacturers. Other causes 
for complaint are the stress given to 
I.B.M. equipment and the lack of clar- 
ity in the explanations of circuits. How- 
ever, these are minor criticisms of a 
good introductory text on general-pur- 
pose, stored-program automatic digital 
computers, 

One of the principal bottlenecks in 
the operation of a computer center is 
programming, which may be broadly 
defined as the process of taking a prob- 
lem presented by a potential machine 
user, reformulating and analyzing the 





problem from a computer’s point of 
view, preparing a set of instructions 
for the computer to solve the problem, 
checking that these instructions as 
written do what the programmer ip. 
tends them to do, and finally making 
sure that proper safeguards are\ taken 
against all kinds of mishaps that may 
occur during the actual running of the 
problem. Programming a complex sci: 
entific, logical, or commercial problem 
may take several man-years, and with 
the abundance of computers and prob- 
lems, there is a shortage of qualified 
programmers. This shortage is being 
met, on the one hand, by formal 
courses in programming taught in the 
colleges, and on the other hand, by 
automatic programming systems using 
the computer itself to perform many 
of the routine tasks of programming. 

A Primer of Programming for Dig- 
ital Computeys is meant to be a text 
for an introductory course in program- 
ming for scientists and engineers. The 
title is slightly misleading since it is ex- 
clusively concerned with programming 
of the I.B.M. type 650 computer. How- 
ever, this is justifiable to a certain ex- 
tent, for you can program any com- 
puter with little additional effort once 
you have learned how to program one 
machine well. Furthermore, since 650’s 
are available in many universities and 
since a potential programmer can only 
realize the pitfalls in programming by 
actually testing several of his programs 
on a machine, a text on programming 
for the 650 is very practical. The book 
is divided into two parts, elementary 
programming and advanced program- 
ming, but even the second part is ele- 
mentary and only scratches the surface 
of the subject. 

Programming for Digital Computers 
is a much more thorough treatment of 
the discipline of programming, which 
deals with the techniques in an almost 
abstract manner. This does not pre- 
clude its being a practical book; in fact, 
much valuable information of a practi- 
cal nature is found in this admirable 
presentation of the subject. This book 
is a must for anyone who wishes to 
become a professional programmer. 

Programming Business Computers is 
intended for these members of a busi- 
ness organization, who will be directly 
concerned with programming the or- 
ganization’s problems on a data proc- 
essor, as well as for their supervisors. 
The consensus among experts in com- 
mercial computer work is that it is 
more efficient to teach programming 
to one familiar with the workings of 
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a firm than to teach the methods of 
a long established business to a pro- 
fessional programmer. This book covers 
almost everything about programming 
and computers, needed by such per- 
sonnel, except, of course, the specifica- 
tions of the particular system installed 
in their office. As in a previous book on 
programming by McCracken, a hypo- 
thetical computer, DATAC, incorporat- 
ing features of the various business 
computers on the market, is described 
and used in the text rather than any 
existing computer. This is a disadvan- 
tage; as I indicated above, one learning 
to program for a computer should run 
several programs on that computer. 
However, there is a good chance that, 
in view of the excellence of this book, 
DATAC simulators will be written for 
various existing computers. This will 
enable one to run problems written in 
the DATAC code on a particular com- 
puter. 

PHILIP RABINOWITZ 
National Bureau of Standards, 
Washington, D.C. 


Ascidiacea. Discovery Reports, vol. 30. 
R. H. Millar. Cambridge University 
Press, London, 1960. 160 pp. Illus. 
70s. 


This monograph is based on 2500 
specimens representing 78 identifiable 
species, principally from the Falkland 
Islands and the Patagonian shelf, but 
also from other subantarctic islands and 
some material from New Zealand as 
well. There are 13 new species. 

J. W. HEDGPETH 
Pacific Marine Station, 
Dillon Beach, California 


Science Study Series. Horns, Strings, 
and Harmony. Arthur H. Benade. 
263 pp. Illus. $0.95. The Restless 
Atom. Alfred Romer. 192 pp. Illus. 
$0.95. Doubleday, Garden City, N.Y., 
1960. (Available to secondary school 
students and teachers from Wesleyan 
University Press, Columbus, Ohio.) 


These most recent volumes of the 
“Science Study Series” maintain the 
high standards set in its previous books. 
The series is being published by the 
Physical Science Study Committee as 
one part of its program for improving 
high school physics education. The 
books are intended to be read profitably 
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by young students and by laymen. 
Amazingly enough, they seem to be suc- 
cessful on both levels. 

The new books are well written. This 
does not necessarily mean that they are 
easy; each book will demand care- 
ful, hard reading from the nonprofes- 
sional reader. However, if he is suffi- 
ciently interested in the subject or if his 
intellectual curiosity is great enough, 
his work will be well rewarded. 

Horns, Strings, and Harmony was 
written by Arthur H. Benade (Case In- 
stitute of Technology). Benade’s main 
field of research is in nuclear physics, 
but he continues an old Case tradition 
by studying the physics of music. 

Following an introduction that is 
partly autobiographical, Benade pre- 
sents some of the physics necessary for 
understanding musical vibrators. He 
then discusses how the structure of the 
human ear determines our hearing of 
music. The various types of musical in- 
struments examined range from strings 
to brasses to woodwinds. The final chap- 
ter applies the information found in the 
earlier sections by giving instructions 
for constructing simple trumpets and 
woodwinds. 

Benade’s book communicates well his 
love for both music and physics. Not 
only is the reader reminded of the com- 
patibility of music and physics, but he 
sees how the study of either subject can 
provide some valuable understanding of 
the other. 

Alfred Romer (St. Lawrence Uni- 
versity) wrote The Restless Atom. It is 
a clearly written, exciting account of 
the revolution which occurred in physics 
between the 1890's and the 1910’s. 

Romer does not attempt to give a 
complete history of atomic physics; he 
stops after indicating the first successes 
of Rutherford and Bohr. Relativity and 
quantum mechanics are hardly men- 
tioned. Nevertheless, Romer gives the 
reader a good appreciation for modern 
understanding of the atom. He accom- 
plishes this by telling his limited story 
well. 

He starts his story with a brief de- 
scription of RGntgen’s discovery of x- 
rays, backtracks to describe the under- 
standing of the elements current before 
RGntgen’s work, and then proceeds to 
describe the rapid developments which 
followed. Romer recounts the work of 
Becquerel, the Curies, the young Ruth- 
erford, Crookes, Soddy, and Bohr, 
among others. He presents the problems 
that confused them, their groping for 
answers, and the gradual creation of a 
workable picture of the atom. 


The Restless Atom leaves the reader 
eager to learn more about the develop- 
ment of quantum mechanics, and it 
gives him a good background for such 
study. 

HowarbD LASTER 
Department of Physics, 
University of Maryland 


Moisture in Textiles. J. W. S. Hearle and 
R. H. Peters, Eds. Textile Book Pub- 
lishers (Interscience), New York; 
Butterworths, London, 1960. ix + 
203 pp. Illus. $6.50. 


Although moisture in textiles has 
been a topic of fundamental importance 
for many years, not all aspects of the 
problem have been properly appreci- 
ated by students and recent research 
workers. This book, based on a series 
of lectures given at the Manchester 
College of Science and Technology, 
provides some help in a convenient, 
compact form. The authors of the var- 
ious chapters are well known authori- 
ties, each an expert in the field he dis- 
cusses. 

In the first chapter, P. S. H. Henry 
discusses humidity: how it varies sea- 
sonally, diurnally, indoors, and out-of- 
doors; how it is affected by the pres- 
ence of people, furniture, and windows. 
A brief chapter by J. W. S. Hearle 
describes the structures of the principal 
textile fibers in use today. These two 
introductory chapters lay the founda- 
tion for the remainder of the book. 

In an excellent chapter on sorption 
isotherms, A. R. Urquhart summarizes 
research on moisture regain and ex- 
plains in nontechnical language the 
principal theories proposed to account 
for the phenomena observed. The next 
paper, by W. H. Rees, is an interesting 
and lucid discussion of the heat of 
absorption; the latter part of this chap- 
ter explains the thermostatic action of 
hygroscopic textile materials when 
used for clothing. 

In the next two chapters, G. King 
reviews the various theories of moisture 
absorption. J. Crank follows with three 
chapters on the rate-of-change of mois- 
ture content, simultaneous diffusion of 
heat and moisture, and diffusion of 
moisture in fiber-forming substances. 
Hearle follows with a chapter on mois- 
ture and electrical properties. R. 
Meredith has contributed two chapters 
on the physical properties of textile 
fabrics. Hearle, in the final chapter, 
discusses fibers and liquid water. 
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The book is aimed at the level of the 
advanced undergraduate student, ex- 
cept for the two chapters by King, 
which require a good understanding of 
chemical thermodynamics. Each of the 
chapters provides a list of references 
to technical literature and thus serves 
as a starting point for further study. 
On the whole, the book provides an 
interesting, concise review that can be 
read with profit by students and re- 
search workers. 

J. C. SMITH 
Textiles Section, 
National Bureau of Standards 


Introduction to the Theory of Quantized 
Fields. N. N. Bogoliubov and D. V. 
Shirkov. Authorized English edition, 
revised and enlarged by the authors. 
Translated from the Russian by G. 
M. Volkoff. Interscience, New York, 
1959. xvi + 720 pp. Illus. $17. 


This book demonstrates that the ef- 
fects of the Iron Curtain were not 
wholly evil. The rapid development of 
quantum field theory during the years 
1945-1953 was carried out almost ex- 
clusively by Western and Japanese sci- 
entists. The work was done in a hurry, 
in a confused and disorderly way, as is 
usual in any rapidly expanding field of 
science. The men chiefly concerned in 
the work were too much preoccupied 
with the next unsolved problem to write 
a coherent account of what they had al- 
ready done. The Russians, compelled 
by force of circumstances to stand out- 
side the battleground, had time to con- 
sider and reflect, to organize the new 
ideas into a balanced and scholarly 
exposition. As a result, the Russians 
have produced the two best textbooks 
on field theory published during the 
last 10 years, the first, Quantum Elec- 
trodynamics (by Akhiezer and Berestet- 
skii), and now the book under review. 

The emphasis throughout this book 
is On mathematical precision. For the 
first time the details of quantum elec- 
trodynamics, renormalization, and the 
subtraction of divergences are presented 
in a style free of mathematical slop- 
piness. This means that the customary 
procedures for obtaining finite results 
from perturbation theory are rigorous- 
ly justified, while the attempts to 
calculate explicitly with infinite quanti- 
ties are shown to be meaningless. The 
limits within which the — standard 
methods of field theory are valid have 
thus been precisely defined. 
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This is not a textbook for beginners 
in field theory. For beginners the book 
by Akhiezer and Berestetskii would be 
much more suitable. In this book 
Bogoliubov and Shirkov pay very little 
attention to the applications of the 
theory, and they do not discuss any 
approximation methods other than 
perturbation theory. The book is ad- 
dressed to the expert, especially to the 
mathematically trained person who 
wishes to understand the basic principles 
of field theory without following the 
devious path along which the subject 
developed historically. 

The first eight chapters of the book 
form a coherent whole, and they de- 
scribe rather completely the state of 
field theory as it existed in 1956 before 
the “dispersion theory approach” be- 
came fashionable. Since the ninth and 
last chapter deals with the subject of 
dispersion relations which was develop- 
ing rapidly at that time, it is on a dif- 
ferent level. Bogoliubov’s proof of dis- 
persion relations has been added as a 
mathematical appendix to the English 
addition; it arrived just too late to be 
included in the Russian edition of the 
book. Thus, the ninth chapter is in- 
evitably less satisfactory than the rest 
of the book. The detachment in space 
and time, which gave the first eight 
chapters their scholarly and unhurried 
style, is noticeably absent here. 

FREEMAN J. DYSON 
Institute for Advanced Study, 
Princeton, New Jersey 
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Ashford, Theodore Askounes. From 
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physical sciences. Holt, Rinehart and 
Winston, New York, 1960. 654 pp. $8.50. 

Atkin, R. H. Classical Dynamics. Wiley, 
New York, 1959. 281 pp. $5.75. 

Bauer, Edward L. A Statistical Manual 
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Bentley, K. W. The Natural Pigments. 
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Boucher, H. Organisation et fonctionne- 
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Paris, 1960. 435 pp. NF. 70. 
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Molecular Structure. The physical ap- 
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Press, New York, 1960. 308 pp. $8. 

Branley, Franklyn. The Moon. Earth’s 
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1960. 114 pp. $3.50 (juvenile book). 





Cable, J. Wesley. Vacuum’ Processes in 
Metalworking. Reinhold, New York; Chap. 
man and Hall, London, 1960. 208 pp, 
$5.50. 

Chapman, Alan J. Heat Transfer. Mac. 
millan, New York, 1960. 464 pp. $9. 

Chase, Grafton D. Principles of Radio. 
isotope Methodology. Burgess, Minneapo- 
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Christiansen, G. S., and Paul H. Gar. 
rett. Structure and Change. An introduc. 
tion to the science of matter. Freeman, 
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Clauss, Francis J., Ed. Surface Effects 
on Spacecraft Materials. Wiley, New York, 
1960. 419 pp. $11.50. Transactions of the 
first symposium on the requirements of 
materials for temperature-control surfaces 
of spacecraft and the behavior of material 
surfaces in space. 

Daniels, Farrington, Ed. Photochemistry 
in the Liquid and Solid States. Wiley, New 
York, 1960. 180 pp. $6. Based on some of 
the papers presented at a symposium held 
in September 1957. These papers discuss 
photochemical reactions, photosensitized 
reactions, fluorescence, kinetic considera- 
tions, triplet state, reactions involving 
chlorophyll, atid photoreactions in solids. 

Elliott, John F., and Molly Gleiser. 
Thermochemistry for Steelmaking. vol. 1. 
Addison-Wesley, Reading, Mass., 1960. 
304 pp. $10.50. First volume in a series 
that is planned to collate, consolidate, 
and summarize the available data pertinent 
to the physical chemistry of steelmaking. 
The work was carried out at Massachusetts 
Institute of Technology and was supported 
by the American Iron and Steel Institute. 

Feigelson, E. M., et al. Calculation of 
the Brightness of Light in the Case of 
Anisotropic Scattering. Translated from the 
Russian. Consultants Bureau, New York, 
1960. 104 pp. Transactions of the Institute 
of Atmospheric Physics, No. 1, 1958. 

Foust, Alan S., et al. Principles of Unit 
Operations. Wiley, New York, 1960. 588 
pp. $15. The ‘preliminary draft of this 
book has been used for more than 2 years 
as a text for junior students at Lehigh 
University. 

Goldfarb, Nathan. An Introduction to 
Longitudinal Statistical Analysis. The 
method of repeated observations from a 
fixed sample. Free Press, Glencoe, IIl., 
1960. 233 pp. $5. 

Gould, David F. Phenolic Resins. Rein- 
hold, New York; Chapman and Hall, 
London, 1959. 220 pp. $5.75. 

Haaser, Norman B., Joseph P. LaSalle, 
and Joseph A. Sullivan. Introduction to 
Analysis. vol. 1. Ginn, Boston, 1960. 733 
pp. $8.50. 

Handbook of Filtration. Eaton-Dike- 
man, Mt. Holly Springs, Pa., 1960. 125 
pp. 
Harris Lawson P. Hydromagnetic Chan- 
nel Flows. Technology Press and Wiley, 
New York, 1960. 96 pp. $2.75. 

Harrison, Thomas R. Radiation Pyrom- 
etry and Its Underlying Principles oj 
Radiant Heat Transfer. Wiley, New York, 
1960. 246 pp. $12. 

Hille, Einar. Analytic Function Theory. 
vol. 1. Ginn, Boston, Mass., 1960. 319 pp. 
$6.50. 

Jones, James B., and George A. 
Hawkins. Engineering Thermodynamics. 
An introductory textbook. Wiley, New 
York, 1960. 742 pp. $8.50. 
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Permeability of Frog 
Skin to Choline 


Abstract. An inward movement of cho- 
line can be demonstrated across isolated 
skins of Rana pipiens when the outside is 
bathed by a saline made with choline chlo- 
ride. This is in contrast to an earlier report 
indicating that skins of R. esculenta are 
impermeable to choline. The flux was very 
small and independent of the active trans- 
port of sodium by the skins. For most 
experiments choline can be used as an “in- 
ert” replacement for sodium in this prepa- 
aration. 


In studying sodium movement across 
isolated frog skins it is frequently neces- 
sary to vary the concentration of this 
ion in the bathing solutions. This is 
often done by replacing the sodium 
with choline (7) or magnesium (2). Al- 
though there is little reason in many 
experiments to prefer either one, the 
use of isotonic magnesium chloride 
introduces a chloride asymmetry that 
is sometimes undesirable. 

In the original work with choline an 
attempt was made to assess the magni- 
tude of any choline movement across 
the skin by using a sensitive procedure 
involving acetylation followed by bio- 
assay of the acetylcholine produced. No 
flux of choline could be detected across 
the skins of Rana esculenta by this 
method. Recently, however, the imper- 
meability of the skin (R. pipiens) to 
choline has been questioned, and it was 
even suggested that the compound 
might be actively transported in the 
same direction as, and possibly in com- 
petition with, sodium (3). Choline is 
used routinely in this laboratory in 
experiments the design of which re- 
quires that it be virtually, if not com- 
pletely, nonpenetrating. Moreover, it is 





Instructions for preparing reports. Begin the re- 
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Reports 


being used for similar work in other 
laboratories (4). For this reason the 
permeability of frog skin to choline was 
reinvestigated, this time with C**- 
labeled choline. 

The experimental design was rea- 
sonably straightforward. Two ventral 
abdominal skins were set up in cham- 
bers of the type described by Ussing 
and Zerahn (5). One of these was 
short-circuited, and the current gen- 
erated was monitored intermittently. 
The other preparation was not short- 
circuited; the skin potential was meas- 
ured in this case. Both skins were 
from R. pipiens, the animals having 
been stored for about a month in a 
cold room (5°C). The labeled choline 
(N-methyl-C“%) was purified by ex- 
traction with isopropyl alcohol. The 
excess alcohol was removed with ether, 
and the choline was dried by exposure 
to a stream of dry air. A choline 
Ringer’s solution was made up with 
nonlabeled choline treated in the same 
way. The isotopic compound (about 
10 pc) was added, and this solution 
was used to bathe the outside of the 
skins. The inside of each skin was 
bathed by normal Ringer’s solution. 
Samples of the inside solution were 
taken at hourly intervals, plated, dried, 
and counted with a gas flow tube with 
an ultrathin end window. 

The possibility that choline and so- 
dium might compete for the same trans- 
port mechanism was tested in the same 
experiment. After the inside solution 
had been sampled for 3 hours, 2.5 ml 
of normal Ringer’s solution was added 
to the choline Ringer’s in the outside 
chamber. This made the sodium con- 
centration 10 mmole/lit., which nearly 
saturates the transport mechanism (/). 
If choline is transported by the sodium 
pump the choline flux should fall near- 
ly to zero within the first minutes after 
the addition is made. Samples were 
taken for the next 2 hours and assayed 
as above for C™. 

The results of this experiment are 
shown in Fig. 1. Two conclusions may 
be drawn from the data. First, there is 
a movement of choline across both 
skins. Its magnitude is small, approxi- 
mately the same as the outward diffu- 
sion of sodium across such prepara- 
tions. The “permeability constant” for 
short-circuited skins in two such experi- 


ments was 8.8 X 10“ cm/hr and 4.5 x 
10“ cm/hr. This compares with a value 
of 8 xX 10“ cm/hr for sodium (J). It 
might be noted that the values cited for 
choline probably represent upper limits 
for penetrability. Justification for this 
surmise is based in part on the tendency 
for choline to undergo radiolysis dur- 
ing prolonged storage. Any uncharged 
compounds produced (methanol, for 
example) would probably diffuse more 
rapidly than choline, and hence the C“* 
flux would be larger than the real cho- 
line movement. In addition, the skins 
used had very low diffusion resistances. 
The d-c resistances were about 1500 
ohm cm’ with choline Ringer’s in the 
outside solution in contrast to the usual 
value of 3500 to 5000 ohm cm’. 

The second general conclusion is that 
choline and sodium move independent- 
ly through the skin. In this experiment 
it can be seen that in the short-circuited 
skin choline influx was little changed by 
the initiation of sodium transport. The 
decrease in choline influx noted during 
the last period for the open-circuited 
skin may represent a real diminution of 
the flux. Initiation of a sodium influx 
generated the usual potential difference 
across the skin (40 mv, inside posi- 
tive), and since this would mediate 
against inward cation movement some 
decrease in choline influx is to be ex- 
pected. In neither case, however, is 
there any sign of interaction between 
the choline and sodium movements. 
Actually, the fact that choline move- 
ment is small and probably passive was 
already apparent from the results of 
our earlier work. It was shown that 
with choline Ringer’s on the outside and 
normal Ringer’s on the inside of a 
short-circuited skin a small outward- 
directed current developed. Since this 
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Fig. 1. Choline influx across skins of 


R. pipiens. The upper part of the figure 
shows the hourly movement of choline 
across an open-circuited skin. The lower 
portion shows the movement across a 
short-circuited skin. The outside of each 
skin was exposed to choline Ringer’s dur- 
ing the first 3 hours. At the arrow sodium 
Ringer’s was added to make the final so- 
dium concentration 10 mmole/lit. Note 
the difference in scales on the ordinate. 
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represented a difference between choline 
influx and sodium outflux it was obvious 
that choline movement, if any, must be 
small and probably passive. 

Thus, Koblick’s contention that skins 
of R. pipiens are not impermeable to 
choline has been confirmed. The rea- 
sons for the discrepancy between our 
earlier work and these experiments are 
unknown. Possibly a species difference 
is involved, since skins of R. esculenta 
were used in the older experiments. On 
the other hand, the magnitude of the 
choline flux is very small, and for most 
purposes the ion can be considered to 
be virtually nonpenetrating, especially 
if skins offering average resistance to 
diffusion are used. There is no evidence 
for an active choline transport across 
the skins tested (R. esculenta and 
R. pipiens) (6). 

LEONARD B. KIRSCHNER 
Department of Zoology, Washington 
State University, Pullman 
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Isolation of Antibodies to 
Gelatin from Antigen-Antibody 
Complex by Proteolysis 


Abstract. Antibodies were isolated by 
digestion of the gelatin-antigelatin com- 
plex with collagenase and removal of the 
gelatin fragments by dialysis. The pure 
antibody could be precipitated anew by 
the antigen. Antibodies to tyrosylgelatin 
were isolated in. a similar way, but in this 
case peptides containing the active anti- 
genic sites remained bound to the anti- 
body. 


Antibody preparations of high purity 
are a prerequisite for the study of the 
mechanism of antibody formation and 
mode of action. The purification of anti- 
bodies is based either on physico- 
chemical procedures or on immuno- 
specific reactions. By the second method 
antibodies have been purified with the 
help of insoluble antigens, as well as 
by the elution of antibody from antigen- 
antibody complexes by heat, strong 
salt solutions, alkali, or acids (/). 
Antibodies have also been purified by 
precipitation with slightly modified 
antigens, followed by dissolution in 
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alkali or acid and selective precipitation 
of the modified antigen (2, 3). 

Enzymatic cleavage of the antigen 
in the antigen-antibody complex would 
be a very convenient method for the 
isolation of antibodies, if such treat- 
ment would not affect the antibody 
molecules. In the case of diphtheria 
and tetanus toxin-antitoxin floccules, 
digestion with pepsin or trypsin yielded 
preparations of antitoxins of high ac- 
tivity, but their molecular weights were 
reduced to about half the original size 
(1). In this report (4) we describe the 
isolation of pure, undamaged §anti- 
bodies to gelatin by selective digestion 
of the antigen in the gelatin-antigelatin 
precipitate by collagenase. This enzyme 
degrades coliagen and gelatin to’ prod- 
ucts of an average molecular weight 
around 500, but seems to be inactive 
against other proteins (5). 

In a control experiment, ,gelatin 
(U.S.P. granular, Fisher) wag digested 
with collagenase (6) (4 units of col- 
lagenase per milligram of gelatin) in 
0.05M tris buffer, pH 7.4, containing 
0.005M CaCh, at 25°C, for 3 hours. 
The reaction mixture was subjected to 
exhaustive dialysis against water at 2°C 
for 3 days, and the solution both in- 
side and outside the dialysis bag were 
hydrolyzed (6N HCl, 110°C, 24 hr). 
All the hydroxyproline of the original 
gelatin was found (7) on the outside, 
while none remained in the dialysis 
bag. This shows that the gelatin was 
split quantitatively into dialyzable frag- 
ments. When human y-globulin was 
treated with collagenase under similar 
conditions but in phosphate buffer, no 
dialyzable peptides were split off (Kjel- 
dahl nitrogen analysis). It appeared, in 
fact, that the y-globulin molecules were 
completely unchanged by the enzyme, 
as the material sedimented at the same 
rate before and after treatment with 
collagenase in tris buffer (Sx = 6.6, 
at a 0.17 percent concentration in 
0.15M NaCl; Spinco model E ultra- 
centrifuge, at 56,100 rev/min), and 
the area enclosed by the gaussian curve 
in the sedimentation pattern remained 
constant. 

Rabbit antiserum to gelatin was pre- 
pared and the antibodies were precipi- 
tated with gelatin, according to Maurer 
(8). The precipitate resulting from the 
addition of 0.65 mg of gelatin to 13 ml 
of antiserum was washed repeatedly 
with 0.15M NaCl. It contained 0.25 
mg of antigen (33 yg of hydroxypro- 
line in the hydrolyzate) and 1.53 mg of 
antibody (derived from the extinction 
at 280 my of the neutralized solution 
of the precipitate in 0.1N NaOH). A 
suspension of this precipitate in 2 ml 
of 0.05M tris buffer, pH 7.4, contain- 
ing 0.005M CaCl: was treated with col- 
lagenase (3 units), at 25°C. After 3 
hours the remaining insoluble material 








ee 
Spinco model E ultracentrifuge, of anti- 


A’ sedimentation pattern, in a 


tyrosylgelatin (0.17 percent in 0.15M 
NaCl), at 20°C. The photograph was 
taken 16 minutes after full speed (56,100 
rev/min) was attained. 


was centrifuged off. It contained 26 
percent of the gelatin in the original 
precipitate (65 yg of gelatin, as calcu- 
lated from hydroxyproline data). The 
supernatant fluid was subjected to ex- 
haustive dialysis against the buffer, at 
2°C. After 3 days the contents of the 
dialysis bag were brought up to 3.5 ml. 
The fact that hydroxyproline was found 
in the hydrolyzate of this solution, 
demonstrated that no gelatin-split prod- 
ucts were present. The solution con- 
tained 80 percent of the antibody in 
the original precipitate (0.35 mg of 
antibody per milliliter, as calculated 
from the extinction at 280 my). Only 
one spot was detected on paper electro- 
phoresis, migrating identically with the 
y-globulin in rabbit normal serum. The 
material showed a sedimentation con- 
stant of Sx» equal to 7.14 in the ultra- 
centrifuge [rabbit y-globulin has a sedi- 
mentation constant Sx» approximately 
equal to 7 (/)]. The purified antibody 
could be precipitated (8) anew by the 
addition of gelatin. 

Gelatin is a weak antigen; it yields 
antisera of low antibody titer, and the 
precipitin reaction takes a prolonged 
time. Attachment of tyrosine peptides 
to gelatin converts it into a relatively 
powerful antigen (9). In view of this 
enhancement of antigenicity, the possi- 
bility of obtaining pure antibodies from 
the system polytyrosylgelatin-antipoly- 
tyrosylgelatin was also investigated. A 
gelatin derivative enriched with only 
2 percent tyrosine (J0) (‘“‘tyrosylgela- 
tin”) served as antigen in this experi- 
ment. It had been shown previously 
(9) to be a strong antigen in compar- 
ison to gelatin. Upon digestion with 
collagenase and exhaustive dialysis 
(conditions similar to the control ex- 
periment with gelatin) tyrosylgelatin 
was split into fragments that dialyzed 
out completely, as followed spectro- 
photometrically (293.5 my, pH 13), as 
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well as by the hydroxyproline analysis 
of the hydrolyzates (7). 

The precipitate obtained by the ad- 
dition of 3 mg of tyrosylgelatin to 25 ml 
of homologous rabbit antiserum (9) (the 
washed precipitate contained 1.9 mg of 
antigen and 8 mg of antibody) was 
treated with collagenase (15 units) as 
in the case of the gelatin-antigelatin 
floccules. The suspension became al- 
most completely clear during the en- 
zymic reaction. The fraction that dia- 
lyzed out accounted for 90 percent of 
the hydroxyproline present in the pre- 
cipitate. The dialysis bag contained 85 
percent of the antibody in the original 
precipitate (as calculated from the ex- 
tinction at 280 my), as well as the 
remaining 10 percent of hydroxy- 
proline. When subjected to paper elec- 
trophoresis, the antibody solution 
showed one spot only, with the mo- 
bility of normal rabbit serum y-glob- 
ulin. On sedimentation (Fig. 1) the 
solution was shown to contain a prin- 
cipal component with Sx» equal to 7.06 
and small amounts (approximately 6 
percent) of a component with Sx equal 
to 19.2 [a 19 § component has been 
reported to be present in small amounts 
in many y-globulins (/)]. Upon addi- 
tion of new tyrosylgelatin to the anti- 
body solution there was almost no 
precipitation, even when care was taken 
to inhibit any collagenase activity still 
present by the addition of Versene (5). 

In the absence of the respective anti- 
bodies, collagenase converts both gela- 
tin and tyrosylgelatin quantitatively 
into dialyzable fragments. Nevertheless, 
the possibility could be envisaged where 
the digestion of the antigen-antibody 
complex might leave the active site of 
the antigen bound to the antibody. 
With gelatin this does not seem to be 
the case, as the isolated antibody con- 
tained no hydroxyproline and could 
be precipitated with gelatin. On the 
other hand, in the case of tyrosylgela- 
tin, the purified antibody still contained 
some hydroxyproline (it would corre- 
spond to 3 percent gelatin impurity, if 
calculated on the base of the composi- 
tion of the whole antigen molecule) 
and could not be precipitated by the 
homologous antigen. This is consistent 
with the assumption that peptides con- 
taining the active site of the antigen 
are still bound to the antibody mole- 
cules. The above argument is further 
supported by the results of inhibition 
experiments of the specific precipitin 
reaction by means of collagenase digests 
of the antigens. While the collagenase 
digest of gelatin does not inhibit the 
precipitation of antigelatin by gelatin 
(11), it was found that the collagenase 
digest of tyrosylgelatin (the solution 
that dialyzed out from a mixture of 
2 mg of tyrosylgelatin and 6 units of 
collagenase, after 3 hours of incubation 
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at 25°C) completely inhibited the pre- 
cipitation of antityrosylgelatin from 
0.5 ml of antiserum, by the homolo- 
gous antigen. It may be thus concluded 
that the hydroxyproline in the purified 
antibody solution is derived from 
fragments of the antigen bound to the 
active sites of the antibody molecules. 
The method used here for the anti- 
body purification is limited to systems 
where an enzyme may digest the antigen 
(protein or polysaccharide) in the 
antigen-antibody complex without dam- 
aging the antibody molecules. The ac- 
tive site of the antigen may under these 
circumstances remain, in some cases, 
bound to the antibody. This might per- 
mit the isolation of the active fragment 
(12). 
RUTH ARNON 
MICHAEL SELA 
Department of Biophysics, Weizmann 
Institute of Science, Rehovoth, Israel 
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Electronic Structure and 
Nicotine-like Stimulant Activity 
in Choline Phenyl Ethers 


Abstract. Frontier electron density at 
the ether oxygen position and _ super- 
delocalizability at the ortho position show 
good parallelism with biological activity— 
that is, the stimulant activity of phenyl 
ether choline molecules. The mechanism 
of the biological action is discussed in 
connection with this finding. 


The nicotine-like stimulant activity of 
phenyl ether cholines varies greatly 
with the substituents (/), but the 
mechanism of this activity remains ob- 
scure. The idea that the electron den- 
sity at some points in the molecule, 
rather than the presence of some par- 


ticular group, is important for the 
pharmacological activity, has been 
recognized. However, no quantum- 
mechanical approach in understanding 
the mechanism has been made. 

We have established the frontier elec- 
tron theory as one of the quantum- 
mechanical theories of organic chemi- 
cal reaction, and its prediction agrees 
with experimental results better than 
previous theories (2-4). Furthermore, 
the theory has been successfully applied 
to the problem of some _ biological 
actions of conjugated molecules, such 
as the carcinogenic activity of poly- 
condensed aromatic hydrocarbons (5) 
and the plant-growth activity of benzoic 
acid derivatives (6). 

In this report, the frontier electron 
theory is further extended to explain 
the nicotine-like stimulant activity of 
phenyl ethers of choline. The theoreti- 
cal indices used in this report are (i) 
frontier electron density (2) and (ii) 
superdelocalizability (3). These were 
derived as the reactivity indices of two 
extreme cases of stabilization at the 
transition state, due to the charge trans- 
fer from the substrate molecule to the 
pseudo-z orbital (that is, a z-like orbital 
which, according to the theory, comes 
into being near to the transition state, 
and consists of the orbitals in the re- 
agent and the atom to be attacked in 
the substrate molecule), or vice versa. 
Let a be the coulomb integral of a 
carbon atom in benzene, and let h be 
the energy of the pseudo-z orbital. 
Then the frontier electron density and 
the superdelocalizability correspond to 
the case in which hf is equal to the 
frontier orbital energy and to the case 
in which h is equal to a, respectively. 
The larger these indices are, the more 
reactive the position in question is, not 
only in substitution or addition reaction, 
but also in molecular complex forma- 
tion. 

Superdelocalizability has the follow- 
ing explicit formulas according to the 
type of reaction: 
electrophilic reaction: 


oce 
S) = 23 (Crs 
J 


radical reaction: 
occ unocc 
S-() = > (C,/)?/dj + E (CrI)?/(— As) 
j i 


nucleophilic reaction: 
unocc 
SC) = 2 = (C,')*/(— As) 
i 


where C-’ is the coefficient of the rth 
atomic z orbital in the jth molecular 
orbital, ; is the coefficient in the equa- 
tion « =a+; 6, ¢ is the energy of 
the jth molecular orbital, and « and 6 
are the coulomb and resonance in- 
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Table 1. Nicotine-like activity and the electronic structure of phenyl ether cholines. 


Relative activity on blood 








electron pi pressure of Cats after 
R-OCH2CH2N(CHs)3° Br density a atropinet 
R= at ether S,)* wine 
oxygen* sone Suprarenals Suprarenals 
(f) TET BY intact ligated 
" 3,5-Dibromophenyl 0.764 0.952 0.179 337 268 
Meta-bromophenyl 0.766 0.938 0.179 370 258 
Meta-chlorophenyl 0.764 0.931 0.180 220 192 
Phenyl 0.768 0.911 0.180 100 100 
Meta-tolyl 0.730 0.847 0.179 13.1 13.5 
Para-chlorophenyl 0.723 0.911 0.186 10.4 10.1 
3,5-Xylyl 0.710 0.811 0.179 pd pte 
Para-tolyl 0. 664 0.915 0.165 0. 4 0.47 





* The parameters used in the calculation: are the following: coulomb integral of ether oxygen, chloro, bromo, and 
methyl group are a + 8, a + 28, a + 1.88, and a + 38, respectively. The coulomb integral of carbon attached to 
the chloro, bromo, and methyl groups are a+ 0.48, a + 0.48, and a — 0.18, respectively, and the resonance 
integral between carbon and chlorine, carbon and bromine atom, and carbon and methyl groups are 0.88, 0.78, 


and 8, respectively. ft Hey’s experiment (J). 


tegrals, The 


occ 


respectively, in benzene. 
unocc 

signs = and = denote the summation 
of the occupied and unoccupied orbitals, 
respectively. Frontier electron density 
is the density of the z electrons in the 
frontier orbital at a position in the 
molecule. The frontier orbitals are 
defined as (i) the highest molecular 
orbital in the ground state, in the case 
of an electrophilic attack; (ii) the 
lowest vacant orbital of the ground 
state, in the case of a nucleophilic 
attack; and (iii) both of these orbitals, 
in the case of a radical attack. 

We examined the calculated indices 
at all positions in the phenyl ethers and 
found that the frontier electron density 
for electrophilic attack at the ether 
oxygen position (foxy), and the super- 
delocalizability for nucleophilic attack at 
the ortho (0) position (So), have very 
intimate correlations with the nicotine- 
like activity (Table 1). This suggests 
that the interaction of active sites of 
these compounds, that is, the ether 
oxygen and ortho positions, with an 
electrophilic and a nucleophilic center 
in the receptor, is of great significance 


ch 
CHa th 


‘i 
CH; LS 


in the pharmacologicai action of these 
compounds. Wilson and Quan (7), 
carrying out the experiment of in- 
hibitory action of phenyltrimethylam- 
monium derivatives with regard to the 
hydrolysis of acetylcholine by cholin- 
esterase, concluded that the steric con- 
dition was a very important factor in 
determining the inhibitory activity. 
3-Hydroxy derivative (Fig. 1A), and 
3-dimethylcarbamoxy derivative (Fig. 
1B) were reported to have strong in- 
hibitory activity; hence, these com- 
pounds were assumed to have a high 
degree of molecular complementariness 
with the enzyme. These two compounds 
are indicated in Fig. 1, together with 
phenyl ether choline (Fig. 1C). As is 
clearly seen in the figure, these com- 
pounds have sterically analogous con- 
ditions (part of the heavy line). Wilson 
and Quan suggested the hydrogen bond 
for (A) and covalent bond for (B). 
If these bonds are correct, the reactive 
center in the enzyme might be nucleo- 
philic in nature because the proton of 
(A) or the carbamate carbon atom of 
(B) could be considered to be electro- 
philic. The ortho position of (C) cor- 


CHy 
CH | 


CH 
>? 


0, 
e Ath, A 


(A) 


Fig. 1. 
and phenyl ether choline (C). 


(B) 


Steric resemblance between the inhibitors (A and B) of acetylcholinesterase 


(Cc) 





responds sterically to the proton of (4) 
or the carbamate carbon of (B), and 
it is of interest that the value of §,""), 
which is the measure of reactivity of 
the ortho position with a nucleophilic 
center, shows good parallelisin with 
biological activity. At the present stage 
of knowledge, it is impossible to decide 
what groups in the 
might be involved in the interaction 
with the ortho and ether oxygen posi- 
tions. In this connection, the conclusion 
obtained by Wilson and Bergmann (8) 
that nucleophilic groups such as imi¢- 
azole and tyrosyl might be present in the 
esteratic site is suggestive for the nature 
of the group in the nucleophilic center. 
Perhaps a carbamate carbon atom will 
interact with an imidazole-like group, 
and ether oxygen will become an ac. 
ceptor of a proton of the tyrosyl group. 
This might relate to the reason the 
value of foxy") indicates a distinct 
parallelism with biological activity. 
The values of S.‘*) of p-chloro and 
p-tolyl compounds are rather large 
compared with their biological activity. 
The introduction of a group at the 
para position is expected to make the 
compound unfavorable for the occur- 
rence of activity as in the case of plant- 
growth regulating compounds (6). In 
the fourth column of Table 1, the posi- 
tive charge at the ether oxygen position 
is listed. The values of 3,5-dibromo, 
meta-bromo, unsubstituted, meta-methyl 
and 3,5-dimethyl are nearly constant, 
whereas the biological activity varies 
remarkably in this series of compounds. 
Hence the charge at the ether oxygen 
position seems to have no intimate con- 
nection with the biological phenomena. 
It is noteworthy that the existence of 
the heavy line part is favorable for the 
occurrence of activity. That is, in- 
hibitors of acetylcholinesterase and a 
greater part of nicotine-like stimulant 
compounds possess a chain of five 
atoms attached to the nitrogen atom. 
This steric circumstance strongly re- 
sembles the “five-atom chain” rule, pro- 
posed by Ing, associated with muskaline- 
like activity (9). It is true that the 
many molecules having four-atom or 
six-atom chains exhibit nicotine-like 
activity. However, activity of these 
compounds is not so great as one in 
which the “five-atom chain” rule is 
satisfied. Furthermore, the activity of 
the compound having three-atom or 
seven-atom chains has scarcely been 
reported. In this connection, the spatial 
factor is a very important, . although 
not the exclusively determining one 
(10). 
KENICHI FUKUI 
CHIKAYOSHI NAGATA 
AKIRA IMAMURA 
Faculty of Engineering, Kyoto 
University, Kyoto, Japan 
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Influence of Currents on 
Form of Sponges 


Abstract. Small reconstituted Microciona 
prolifera produced central oscular chim- 
neys, perpendicular to the surface of at- 
tachment, in standing water; in a slow, 
steady current, the oscular chimneys were 
eccentrically placed and directed obliquely 
downstream. Gravity and directional illu- 
mination did not affect the orientation of 
the chimney. 


In 1923, Bidder (/) pointed out that 
sponges of the same species differ in 
shape, apparently in adaptation to the 
water currents in which they grow; 
those exposed to currents of constant 
direction bear most of their oscula on 
the downstream side, while those in 
still water or variable currents bear 
oscula opening upward. Since, so far 
as I am aware, no attempt has ever 
been made to verify this suggestion 
experimentally, I examined the influ- 








Fig. 1. Reconstituted sponges, Microciona 
prolifera, grown in standing water (top) 
and in slowly flowing water (bottom). 
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ence of certain environmental factors, 
including water currents, on the growth 
of the oscular chimney in small Micro- 
ciona prolifera obtained by the method 
of H. V. Wilson (2), that is, by allow- 
ing cells dissociated by squeezing the 
sponge through bolting silk to settle on 
glass slides in dishes of sea water. 

After 36 to 48 hours, before the re- 
associated masses of sponge cells had 
any detectable internal structure fore- 
shadowing a canal system, they were 
well attached to the slides and could be 
transferred to other containers. Half 
the slides, with about 15 sponges, were 
placed in finger bowls of “standing” 
water—actually, kept gently turbulent 
by slowly dripping sea water. The other 
half of the slides were placed in a 
battery jar in which a constant, slow 
current was maintained by a stream of 
bubbles up one side. 

Within a week each small sponge, 
1 to 2 mm in diameter, had formed a 
system of excurrent canals radiating 
from the base of a tall oscular chimney. 
In standing water, every sponge pro- 
duced a central chimney perpendicular 
to the slide on which it grew (Fig. 1, 
top). In flowing water, every sponge 
produced an eccentric chimney, point- 
ing downstream at an angle of about 
45° with the slide (Fig. 1, bottom). 
The same form was assumed whether 
the sponge grew on the upper surface 
of the slide, or on the lower surface, 
or on the vertical surface of a slide 
standing on edge, and whether illumi- 
nation came from above, or from one 
side, or through the slide from below. 

When a slide bearing such adapted 
sponges was transferred to the other 
kind of container, the sponges gradually 
transformed themselves to the form 
appropriate to the new conditions over 
a period of about 10 days. Except for 
a temporary shortening and constriction 
of the oscular chimney, the canal sys- 
tem seemed to remain functional 
throughout the transition. 

These results agree well with Bid- 
der’s hypothesis that a growing sponge 
adopts a form which minimizes the 
quantity of exhaled water re-entering 
its incurrent pores (3). 

FREDERICK E. WARBURTON 
6171 Sherbrooke W., 
Montreal, Canada 
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Uterine Vascular Clamping: 
New Procedure for the Study of 
Congenital Malformations 


Abstract. Clamping the uterine blood 
vessels of the rat on the 9th day of gesta- 
tion for % to 3 hours resulted in fetal 
death, growth retardation, and severe con- 
genital malformations. This procedure has 
broad applications in the fields of teratol- 
ogy and cancer chemotherapy, and in the 
investigation of fetal-maternal physiology. 


Mechanical or operative techniques 
in teratology have never been widely 
adopted, because, in general, they are 
not potent teratogenic agents, or they 
have only minimal application to the 
general field of congenital malforma- 
tions. The following operative proce- 
dure, developed in our laboratory, is 
a potent teratogenic agent and should 
find wide use in all phases of experi- 
mental teratology, since one animal 
provides both the control and experi- 
mental fetuses. 

An inbred strain of pathogen-free 
rats with an extremely low rate of ran- 
dom malformations was used in the 
study. The rats were subjected to a 12- 
hour mating period, and vaginal smears 
were used to determine pregnancy. The 
first day of a positive smear was used 
as day zero in calculations of gesta- 
tional age. 

On the 9th day of pregnancy laparo- 
tomy was performed with pentobarbital 
anesthesia. The number, location, and 
condition of the implantation sites were 
recorded. One horn of the uterus was 
then clamped at its cervical and ovarian 
ends, the clamps extending across the 
uterus and its mesentery. By this means, 
one horn was completely isolated from 
the maternal circulation. The other 
horn served as a control. There were 
five rats in each of the six time periods 
of %, 1, 1%, 2, 2%, and 3 hours. 
After the specified clamping interval, 
the hemostats were removed, and the 
abdomen was closed. The rats were 
killed on the 21st day. 

Complete isolation of the clamped 
uterus from the maternal circulation 
was an essential condition of this experi- 
mental procedure. Intravenous _injec- 
tions of trypan blue and fluorescent 
dyes qualitatively confirmed uterine 
hemostasis, since no dye was noted on 
the clamped side. A more quantitative 
method was obtained by injecting 12.48 
pe Of radioiodinated albumin intra- 
venously, after clamping a (nonpreg- 
nant) uterus. The two horns were then 
excised and divided into three seg- 
ments. The counts per minute per milli- 
gram of tissue showed negligible radio- 
activity in the clamped segments (Fig. 
la). 

Either of two reactions followed 
clamping: (i) a sudden arteriolar spasm 


89 








with blanching of the uterus, followed 
by deepening cyanosis during the next 
15 minutes or (ii) gradual cyanosis, 
again reaching a peak between 10 and 
15 minutes. The cyanosis persisted until 
the clamps were removed. 

Uterine clamping affected the fetuses 
in several ways. Fetal death with re- 
sorption, or growth retardation or, 
sometimes, severe congenital malforma- 
tions occured. Many fetuses were un- 
affected by the procedure, but most of 
these were in the shorter time intervals. 

Occurrence of fetal resorption was 
directly related to the duration of 
clamping (Fig. 15). Control mortality 
at % hour was 12 percent; it gradually 
rose, as the procedure was prolonged, 
to 33 percent in the 3-hour group. At 
Y% hour, 28 of 33 clamped embryos 
survived, a mortality rate of 15.1 per- 
cent. At 3 hours, 21 of 22 clamped 
embryos were resorbed; the one sur- 
vivor was malformed. 

The mean fetal weights in the sur- 
viving experimental fetuses clamped 


1% hours or less were not significantly 
different from those of the control 
groups (Fig. 1c). The mean fetal 
weights of the 2- and 22-hour experi- 
mental groups were significantly less 
than the weights of the corresponding 
control groups. 

One of the 116 surviving control 
animals was malformed, having a right- 
sided aortic arch. There were no mal- 
formations among the 49 survivors in 
the %2- and 1-hour experimental groups. 
In the groups clamped from 1% to 3 
hours, 8 of the 48 surviving fetuses 
(16.7 percent) were malformed. The 
11 malformations consisted of an- 
ophthalmia (Fig. le), microphthalmia, 
renal aplasia (Fig. 1g), renal agenesis, 
uterine agenesis (Fig. 1g), pancake 
adrenal, anencephaly (Fig. 1f), om- 
phalocele (Fig. 1f), absent external 
ear (Fig. 1d), hydrocephalus, and ab- 
sent fourth aortic arch (infantile coarc- 
tation). : 

Similar experiments have been car- 
ried out at different gestational ages. 
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Fig. 1. (a) Method of clamping the uterus, and radioactivity of clamped and unclamped 
horns. (b) Percentage mortality among experimental and control fetuses after various 
periods of clamping. (c) Tabulation of the fetal weights of clamped and control animals. 
(d) Anophthalmia and absent pinna in animal from litter clamped 3 hours. (e) 
Anopthalmia on left (arrow) with normal eye on right in animal from 2-hour experi- 
mental group. Skin over orbit has been removed. (f) Anenecephaly and omphalocele in 
fetus from 2-hour experimental group. (g) Dissection of fetus from litter clamped 1% 
hours, showing aplastic left kidney (arrow) and corresponding changes in left adrenal. 
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Preliminary results of clamping on the 
8th day show a higher mortality and 
more severe malformations. 

The teratogenic action of vascular 
clamping may be due to either, or both, 
of two factors: (i) a deficiency of 
anabolic and metabolic products utilized 
by the embryonic tissues, or (ii) an 
excess of catabolic products produced 
in these tissues with no communication 
with the maternal circulation. Whether 
a single factor such as hypoxia, exces- 
sive carbon dioxide, or pH changes is 
the etiologic agent is unknown at this 
time, but it is clear that the cause lies 
in the alteration produced in the intra- 
uterine environment. Low oxygen ten- 
sion would appear to be the first mecha- 
nism to be investigated, since it has 
been shown to be teratogenic in mice 
(7). Experimental hypoxia in the rat 
has so far failed to produce congenital 
malformations (2), although excess 
carbon dioxide has been reported to be 
teratogenic (3). Certainly, valuable 
information can be obtained by meas- 
urement of the gas contents and chem- 
ical changes in the tissue and vascular 
compartments of the clamped uterus 
and embryos. More quantitative data 
on the possible roles of hypoxia and 
excessive carbon dioxide can be ob- 
tained by this procedure. Furthermore, 
attempts should be made to reverse the 
effects of clamping by. hyperoxygenat- 
ing the mother prior to clamping, exog- 
enous oxygenation of the clamped seg- 
ment, or alterations in maternal acid- 
base balance before clamping. 

Since there is a period during the 
first hour of clamping, on the 9th day, 
in which there are no malformations 
and no weight reduction, the clamped 
side can be employed as a control for 
a wide variety of experiments using the 
unclamped horn as the experimental 
side. The determination of the length of 
action of a teratogenic drug is an exam- 
ple of one application of this tech- 
nique. Thus, the presence of malforma- 
tions on the clamped side after injec- 
tion of a teratogenic chemical would 
characterize the drug as to its rapidity 
of action and degree of synergism with 
the clamping procedure. Chemothera- 
peutic agents could be similarly tested, 
since the embryo is a good test animal 
for antitumor drugs. The variations of 
the procedure are numerous, and spread 
into the field of fetal-maternal physiol- 
ogy. The broad applications of the 
procedure as a pharmacologic and 
physiologic technique are as worthy of 
investigation as is its mechanism of 
teratogenesis (4). 

ROBERT L. BRENT 

JOHN B. FRANKLIN 
Department of Pediatrics, Jefferson 
Medical College of Philadelphia, 
Philadelphia, Pennsylvania 
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Increased Stress and Effectiveness 
of Placebos and “Active” Drugs 


Abstract. Evidence is presented to in- 
dicate that placebos are far more effec- 
tive in producing carefully defined relief 
of pathological pain than they are in the 
case of experimental pain. This is con- 
strued as further support for the view that 
placebos are more effective when stress is 
great than they are when stress is not so 
great. A similar situation holds for mor- 
phine. Certain drugs are effective in reliev- 
ing visceral sensations only if an essential 
psychological state is present. This is, in 
effect, a new principle of drug action. 


This report presents an experimental 
finding: placebos relieve pathological 
pain more effectively than they do ex- 
perimental pain. Two general concepts 
grow out of this observation as working 
hypotheses: (i) the effectiveness of 
placebos increases with increased stress 
and (ii) the effectiveness of certain 
“active” drugs increases with increased 
stress. 

In essence, this study is based upon 
the proposition that pain of pathologi- 
cal origin produces more anxiety, or 
stress, than does experimentally con- 
trived pain. Like any axiom, this one 
may be unprovable in a tight mathe- 
matical sense, yet its truth is clearly 
evident. Even so, the material in this 
report is presented as evidence for, not 
proof of, the proposition, just as was 
the case in an earlier study (1), where 
material of another kind was presented. 
In that earlier paper it was found: (i) 
in terms of percentage of a given popu- 
lation relieved, placebos are signifi- 
cantly more effective when postopera- 
tive pain is severe than they are when 
the pain is less severe, and (ii) the 
work of Cleghorn, Graham, Campbell, 
Rublee, Elliott, and Saffran (2) demon- 
strates that firing of the adrenal glands 
(measured in objective terms) is far 
greater in response to a placebo in 
patients hospitalized for severe anxiety 
than in patients hospitalized for anxiety 
of less severe degree. 

The new data are presented in Tables 
1 and 2. The most important fact aris- 
ing from these data is that the mean 
percentage effectiveness of placebos in 
relieving pathological pain is over ten 
times that found with experimental 
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pain. It is realized that some of the 
studies compared are based on large 
samples and some on small, and that 
the t-test evaluation ignores this fact 
and gives all studies equal weight. For 
present purposes this is satisfactory 
since numerous studies are involved 
and the difference between the two con- 
ditions is great. 

It is not my contention that placebo 
effectiveness is always low in experi- 
mental situations. This is demonstrably 
not the case. The matter is complex, 
and it may be in these other cases that 
stress of one kind or another operates 
when placebo effectiveness is high. It 
is important to deal, as here, with a 
limited area at a time; in the present 
instance attention is given solely to 
comparison of placebo effectiveness in 
relieving pain of (i) pathological and 
(ii) experimental origin. 

Placebos, being “inert” agents, can 
affect only psychological processes. The 
assumption is that when the psychologi- 
cal component of a situation is impor- 
tant the placebo will have a corre- 
spondingly greater opportunity to pro- 
duce an effect, and this seems to be 
the case. The primary purpose of this 
paper is, however, to present observa- 
tions rather than speculations. 

Effects similar to those of a placebo 
can be found with an “active” drug: 


morphine, even in large doses, does not 
dependably relieve pain of experimental 
origin in man, as indicated by some 15 
different groups of investigators (3, pp. 
123, 124). Morphine in comparable (or 
smaller) doses is highly effective in re- 
lieving pain of pathological origin. 
Pathology (stress, see below) provides 
the matrix on which the given drug 
(morphine), ineffective as it was in re- 
lieving experimentally contrived pain, 
becomes effective when the necessary 
component—apparently stress—is pres- 
ent (3, p. 164). Pathology alone (stimu- 
lation of pain endings in battle wounds) 
is often not enough to give rise to pain. 
The psychological significance to the 
subject determines the pain experi- 
enced (3). 

The new principle is: certain drugs 
are effective in relieving visceral sensa- 
tions only if an essential psychological 
state is present. It is not possible at 
present to define exactly the nature of 
this state. It appears to be related to 
the significance of the symptom, to 
anxiety, and to stress. (And apparently, 
the stronger the psychological state, the 
more effective the drugs.) Similarly, 
certain common symptoms, pain for 
exampie, appear to emerge only if an 
essential psychological state (anxiety, 
stress) is present (3). Physiological 
derangement (stimulation of pain end- 


Table 1. Effectiveness of placebos in relieving pain of experimental origin. The numbers in 
parentheses in column 1 refer to studies cited in “References and Notes.” 








Sub- 
Average placebo effect 
Study ite (% relieved) Comment 
Radiant heat 
(4) 16 0.8 Suprathreshold pain, untrained subjects 
0.4 Suprathreshold pain, semitrained subjects 
4.0 Suprathreshold pain, trained subjects 
(5) 4 0 + 1.1% change from original value 
(6) 3 0 Obstet. cases; radiant heat pain only 
Radiant heat to forehead 
(7) 1 19 1, no effect; four trials 
1 1, 20% rise; no effects 2nd and 3rd trials 
2 2, 28% rise 
(8) 1 2 
(9) 29 0 No consistent trend 
Pressure on forehead 
(0) 4 0 Aching pain 
Pressure on forehead, cuff method 
(11) 63 0 Inconsistent, variable + and — 
Hydrostatic pressure in biliary system 
(12) 8 0 
Electric shock 
(13) 30* 1.37 Pain intensity comparison; no drug versus 
5.0t placebo 
(14) 3 0 
Tourniquet 
(15) 4 pa Se 
(16) 4 0 
Totals (13 studies): 
173 3.2 + 1.8 Average percentage relieved 





* Postaddicts; + N = 16; t N= 14. 
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Table 2. Effectiveness of placebos in relieving 
pain of pathological origin. The average per- 
centage relieved in Table 2 differs from the 
average percentage relieved in Table 1: 
t = 9.28 and p = 0.0001. 








Satisfactorily 
Sub- : 
r relieved by 
Study (No. placebo 
: (%) 
Severe postoperative wound 
(17) 118 21 
(8) 29 31 
(19) 34 26 
(20) (The av. per- 52 40 
centage relieved 36 26 
by placebo was 44 34 
33%.) 40 ae 
(21) (The av. per- 14 50 
centage relieved 20 37 
by placebo was 15 53 
39%.) 21 40 
15 40 
15 15 
Pain from angina pectoris 
(22) 66 38 
(23) 19 26 
(24) 27 38 
Pain from metastatic disease 
(25) 67 42 
Headache 
(26) 199 52 
Totals (10 studies): 831 Av. 34.6+2.9 





ings) is not enough. Thus there is 
exposed in this new framework un- 
suspected ties between mind and body, 
revealed by the study of drug action. 
HENRY K. BEECHER 
Harvard Medical School, Department 
of Anaesthesia, Massachusetts 
General Hospital, Boston 
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A Function for Ascorbic Acid in 
the Metabolism of an Insect 


Abstract. Homogenates of Blattella 
conjuncta oxidize L-tyrosine. The reaction 
is diminished by dialysis, but may be re- 
activated with L-ascorbic acid. Glutathione, 
pyridoxal phosphate, and folic acid also 
activate the system. 


It has been demonstrated (/-—3) that 
ascorbic acid will activate the L-tyrosine 
oxidase system of mammalian liver. 
However, the function of the com- 
pound in insect metabolism is unknown. 
Previous investigations (4) have demon- 
strated that the cockroach contains 
large amounts of ascorbic acid. In fact, 
the concentration in the whole insect 
(10 to 19 mg/100 gm) greatly exceeds 
that in whole guinea pigs [2.4 mg/100 
gm (5)]. This concentration presumably 
indicates that ascorbic acid plays an 
important role in insect metabolism. 
The present study was undertaken to 
study tyrosine oxidation by insect 
tissues which, by analogy with the proc- 
ess in mammalian tissues, would be ex- 
pected to require ascorbic acid: 

Blattella conjuncta was captured lo- 
cally in the Upper Hutt Valley, near 
Wellington, New Zealand. The adult 
insects were killed by decapitation, and 
the whole insects were homogenized 
with two volumes of ice-cold 0.14M 


Table 1. Effects of ascorbic acid and other 
cofactors on the tyrosine oxidase activity of a 
dialyzed insect homogenate. The activity is given 
in microliters of oxygen per hour. 





Components added to homogenate 





Activity 

None 11 
a-Ketoglutarate (a-K) 14 
a-K + ascorbic acid 31 
a-K + glutathione 15 
a-K + pyridoxal phosphc.te 14 
a-K + folic acid 21 
a-K + ascorbic acid + glutathione 42 
a-K + ascorbic acid + glutathione + 

pyridoxal phosphate 49 
a-K + ascorbic acid + folic acid 37 
a-K + ascorbic acid + glutathione + 

pyridoxal phosphate + folic acid 50 








potassium chloride solution in a Potter. 
Elvehjem apparatus. Insoluble materials 
were removed by centrifugation at 2°C, 
The supernatant was adjusted to pH 
7.5 and dialyzed in a cellophane bag 
against 0.14M potassium chloride solu- 
tion for 24 hours at 4°C. The resulting 
solution was used as the source of the 
tyrosine oxidase system. 

Activity was determined by Warburg 
techniques at 37°C in air with sodium 
hydroxide papers in the center wells of 
the vessels. Each vessel contained 1,0 
ml of the dialyzed solution, 1.0 ml of 
0.2M phosphate buffer at pH 7.2, and 
6 pmole of L-tyrosine. The side arm 
contained 0.1 ml of 0.1M a-ketoglu. 
tarate and 0.1 ml of a solution of co. 
factors. The total volume in each vessel 
was 3.0 ml. The following cofactors 
were used in some experiments: as- 
corbic acid (1 mg), glutathione (1 mg), 
pyridoxal phosphate (10 yg), and folic 
acid (200 pg). The reaction was 
initiated by tipping the side arm. 
Manometric readings were taken for 1 
hour. 

The results of a typical experiment 
are given in Table 1. It is clear from 
these figures that the tyrosine oxidase 
system is activated by ascorbic acid. It 
is also activated by folic acid. The 
greatest effect results from additions of 
ascorbic acid, glutathione, and pyridoxal 
phosphate. 

It is clear that the oxidation of L- 
tyrosine by homogenates of this insect 
probably follows a pathway similar to 
that in mammals. It is known that the 
latter deaminate tyrosine by a trans- 
amination reaction with a-ketoglutarate 
which requires pyridoxal phosphate (6). 
The resulting p-hydroxyphenylpyruvic 
acid is oxidized to homogentisic acid 
aud carbon dioxide. This process in- 
volves 2,5-dihydroxyphenylpyruvic acid 
as an intermediate and requires ascorbic 
acid and glutathione. The effect of folic 
acid on the system is difficult to ex- 
plain, but a similar effect has been re- 
ported for the mammalian system and 
it has been suggested that the stimula- 
tion is not due to a direct effect of the 
compound on the enzymes (2). 

The present study clearly establishes 
a function for ascorbic acid in insect 
metabolism. 

MICHAEL H. Bricos 
Department of Chemistry, 
Victoria University of Wellington, 
Wellington, New Zealand 
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____ Kodak reports on: 


photography for biologists . . . increasing the peak value of informational sensitivity . . . highly 
fluorescent chelated Mg ions ... the parts-per-billion business 


Four of us at Woods Hole 


Four of us expect to put in a rugged 
week on Cape Cod beginning early on 
the morning of August 1. It’s not ex- 
actly an exhibit or symposium or any- 
thing as formal as that. It’s just that the 
management of the Marine Biological 
Laboratory at Woods Hole has given 
us to understand that if we want to 
hang around for five days dispensing 
free advice on how to use photography 
to communicate results of biological 
investigation, they will probably re- 
frain from calling the cops to throw us 
off the premises. 

One of us will be there to hold court 
on problems encountered in photomi- 
crography and photomacrography of 
marine life—movies or stills, color or 
black-and-white. Another of us will 
take over when questions come up of 
photographing living small specimens 
at natural size or less, with or without 
flash. The third man knows a lot about 
photographic materials for electron mi- 
crography, autoradiography, and mi- 
croradiography. The fourth, a biochem- 
ist, will make himself generally pleas- 
ant and helpful. 

We figure any time spent feasting on 
Homarus americanus is time lost from 


showing our movie of Homarus americanus 
hatching in glorious Eastman color. 


Nice sharp pictures 





We must not lose our sense of propor- 
tion. We must recognize that some 
people take so little technical interest 
in photography that they have never 
even heard of Kodak Tri-X Pan Film. 
Others who do use it have noticed that 
since that “Improved Type” has ap- 
peared on the carton, results have 
somehow improved. Most of these folk 
will be content with a bland assertion 
that the recently added notation signi- 


fies a major advance in reduction of 
graininess and improvement in picture 
sharpness. A single congenial luncheon 
table could probably accommodate all 
who would press us to explain that 
what we have really done is to increase 
the peak value of the informational 
sensitivity I of Kodak Tri-X Pan Film 
from .0016 to .0036 
where I = g 1 





as 63(D) 
g = gradient of the linear- 
ized characteristic curve 
a, = area of the spread func- 
tion 
os(D) = standard deviation of 
the granularity trace 
for a scanning aper- 
ture having the size 
of the spread func- 
tion 
If you want to talk like that you should 
first consult Journal of the Optical Society 
of America, 48, 926, but if you just want 
very sharp pictures from very fast film, ask 
the Kodak dealer for Kodak Tri-X Pan 
Film, Improved Type. 


Suggestion at Pittsburgh, Pa. 


When we read the advance program for 
this year’s Pittsburgh Conference on 
Analytical Chemistry & Applied Spec- 
troscopy, we decided on a coup. One 
of the papers was to state an interesting 
fact about bissalicylideneethylenedia- 
mine, which stands in relation to the 
well known chelating agent EDTA as 


<  ScCH=NCH2CHjN=CH x 
7 


OH OH 
to 
HOCOCH? CH2COOH 


NCH2CH2N 
HOCOCH2/ \CH2COOH 


When the former, in slightly alkaline 
N,N-Dimethylformamide (Eastman 
5870), chelates Mg ions, it becomes 
highly fluorescent. The excitation maxi- 
mum occurs at 355my, and emission 
maximum occurs at 439mu. A sensitiv- 
ity of 7 x 10° micromole of Mg per ml 
was mentioned. 

This time, said we to ourselves, when 
they come charging out of the meeting 
room to our exhibit to ask whether we 
have this reagent, they will encounter 
no mere bland smile. We will be able 
to reply, “Yes, sir, here it is, labeled 
a,a’-(Ethylenedinitrilo) di-o-cresol and 


This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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designated Eastman 8019.” 

And that is exactly what we were in a 
position to do that day. The only 
trouble was that while many people 
did flock to our booth and talked of 
many things, not one soul as much as 
mentioned bissalicylideneethylenedia- 
mine. 

Distillation Products Industries, Roch- 
ester 3, N. Y. (Division of Eastman Kodak 
Company) has some 3800 other Eastman 
Organic Chemicals. Many of them do 
excite a decent level of interest. 


Spectroscopy in electronics 


We wish we could inspire several 
dozen more persons to enter the craft 
of emission spectrography. They would 
become customers for Kodak Spectrum 
Analysis Plates and Films as well as 
occupants of a secure place in techni- 
cal society, one of waxing importance. 

To convince that the importance 
indeed waxes we could send copies of 
a disquisition written by one of our 
dealers, a gent willing to undertake 
some deep thinking and digging out 
of useful information in hope of the 
favor of an order. 

Think of the old days, he suggests, 
when electronics meant radio and the 
man at the end of the radio assembly 
line was given plenty of adjustable re- 
sistors, capacitors, and coils on the 
chassis to adjust in compensation for 
the unpredictable characteristics of the 
vacuum tubes. Electronics isn’t that 
way any more, he implies. Today elec- 
tronics is supposed to assume that its 
solid-state devices and the cathodes of 
its vacuum tubes will behave predicta- 
bly within very narrow limits. 

And what sets these limits? 

Among other things, the presence 
or absence of certain chemical ele- 
ments in the range of parts per 
billion. 

How determined? 

By emission spectrography. 

Is this easy? 

Not particularly. 

What’s one way to start surveying 
the techniques? 

Writing for a copy of “‘Spectros- 
copy in Electronics” to Eastman 
Kodak Company, Special Sensi- 
tized Products Division, Rochester 
4,.N>¥. 
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Letters 


Oxygen Transport 


I found Scholander’s article on O: 
transport [Science 131, 585 (1960)] 
very interesting, and I think I can lend 
support to it since similar conclusions 
were drawn (though not published) by 
myself and J. P. Baumberger some years 
ago in a completely different experi- 
mental situation [J. Gen. Physiol. 36, 
255 (1952)]. 

We found that the polarographic 
diffusion current for Oz given by whole 
blood was six times greater than that 
given by plasma when both were 
measured at Oz tension of 100 mm-Hg 
at 37°C. This excess diffusion current 
depends not only on red cell concen- 
tration but on factors which increase 
the rate of dissociation of HbO:: 
degree of Oz saturation, pCO:, pH, and 
temperature. The readiness with which 
HbO: releases Oz determines (i) the 
rate at which Os: is replaced in the im- 
mediate vicinity of the “consuming” 
cathode and (ii) the rate at which 
Scholander’s “bucket-brigade” operates, 
at a greater distance from the cathode. 
(The rate of “passing the bucket” ob- 
viously depends on the dissociation 
rate.) The driving force behind this 
steady-state flow is the constant rate of 
O: “consumption” of the cathode, 
which maintains a constant pO: gradient 
in its vicinity. 

The resultant of this situation is that, 
at a pO: of 100 mm-Hg, the cathode 
receives Os from whole blood at a rate 
at which it could receive O: from 
plasma only at a pO: of 600 mm-Hg. 
If we now substitute rapidly metaboli- 
zing cells for the cathode, the conclu- 
sion follows that in the presence of 
oxygenated red blood cells the effective 
rate of diffusion of Oz to the consuming 
cells at a given pO: will be much greater 
than could be expected on the basis of 
the Oz tension difference alone. 

GaBoR MARKUS 
Roswell Park Memorial Institute, 
Buffalo, New York 


Competitive Exclusion 


As an economist, I have been de- 
lighted with the recent revival of the 
earlier view that ecology and economics 
are closely related. Hardin’s article 
(“The competitive exclusion principle,” 
Science 131, 1292 (29 Apr. 1960)] is 
an excellent example of this revival, as 
would be expected in view of his pre- 
vious work. Unfortunately, it contains 
an error in economics. From’ the 
principle that complete competitors 
cannot coexist he deduces the develop- 


8 JULY 1960 


ment of monopolies. The principle, 
however, applies to species, not individ- 
uals. Park’s experiments did not show 
that one individual flour beetle grew 
so large that it eliminated all the others, 
only that one species grew so numerous 
that it eliminated the other. If the 
principle has any application to eco- 
nomics at all, it would indicate that one 
type of economic enterprise might, by 
multiplication of its members, replace 
another, but this would not lead to 
monopoly. The problem of monopoly 
is a real one, and an important one, 


but it has nothing to do with the com- | 


petitive exclusion principle. 

I rather dislike attacking an article 
which is, in general, as superior as 
Hardin’s, but in. this one area he is 
wrong. 

GoRDON TULLOCK 
Department of International Studies, 
University of South Carolina, Columbia 


Garrett Hardin points out that 
the “competitive exclusion principle”’— 
that is, that “complete competitors 
cannot coexist”—is essentially a theo- 
retical concept unlikely of direct proof 
in the field. I believe this conclusion is 
strengthened if it is considered that at 
least three common conditions, not 
mentioned by Hardin, must be absent 
if the replacement of one species by its 
complete competitor is to proceed in a 
direct fashion. However, at least two of 
these conditions are likely to be pres- 
ent in the field unless the replacement 
process is quite rapid. 

If there exist two complete com- 
petitors, species A and B; if species A 
is slowly replacing species B; and if this 
process is to continue directly to the 
point of (local) extinction of species 
B; then the following possibilities must 
not occur: 

1) A decrease in the genetically de- 
termined competitive ability of species 
A below the level of that of species B. 

2) An increase in the genetically de- 
termined competitive ability of species 
B above the level of that of species A. 

3) A change in the environment suffi- 
cient to shift the competitive superiority 
from species A to species B. 

The first possibility is somewhat un- 
likely, on evolutionary grounds; the 
second is fairly likely if the replacement 
process is quite slow, a condition which 
also implies that the difference in com- 
petitive abilities of the two species is 
small and hence likely to be easily 
changed by genetic variation. The third 
possibility would appear to be quite 
likely under many conditions. If the 
particular environmental factor is one 
which oscillates between the condition 
favoring one species at one time and the 
other at another time, and if the rate of 
oscillation is sufficiently fast as com- 
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pared to the rate of replacement of 
either species by the other, then the 
two complete competitors may, in fact, 
continue to coexist for a long period of 
time. 

WERNER G. HEIM 
Department of Biology, Wayne State 
University, Detroit, Michigan 


If one thinks of a corporation as an 
individual, Gordon Tullock’s criticism 
is justified. But this “model,” though 
sanctified by a century’s evolution of 
U.S. legal theory, is not the only pos- 
sible one. One can also think of a cor- 
poration as an aggregate of individuals 


competing with other aggregates en- 
gaged in the same line of business. We 
assume no interbreeding of the aggre- 
gates (“mergers”). The equivalent of 
biological reproduction may be taken 
to be the hiring of new personnel. The 
limit of possible income is the limit of 
consumer demand for the goods or serv- 
ices of the kind offered. If there is free 
competition and no ecological differ- 
entiation, the most efficient aggregate 
will necessarily displace all others. 

A tendency toward this sort of dis- 
placement is seen also in the competing 
of any two “species” of cells within the 
same individual whenever there is a 
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breakdown of the poorly known cyber. 
netic controls that keep the various 
kinds of tissues within bounds. See, for 
instance, G. Crile’s review of the can- 
cer problem [Perspectives in Biol. and 
Med. 3, 358 (1960)]. Within a mul. 
ticellular body that must meet cer- 
tain stringent demands of the exter. 
nal environment, the exclusion prin- 
ciple cannot, of course, be worked out 
to its conclusion; the multicellular en. 
velope dies first. 

Werner G. Heim’s remarks point up 
some important points which were 
scarcely more than hinted at in the last 
section of my article. We now know of 
many competing species, or competing 
alleles within a species, that manage to 
coexist because their relative competi- 
tive efficiencies change with the seasons, 
and the seasons always change. N. W. 
Timofeef-Ressovsky [Biol. Zentr. 60, 
130 (1940)] has carefully described the 
seasonal alternation of genotypes in a 
beetle. Comparable studies have been 
made with other species by E. B. Ford 
in England and T. Dobzhansky and his 
students in this country. 

In addition, our theory must take 
account of changes in the environment 
that are brought about by organisms 
themselves. M. J. Beijerinck’s “enrich- 
ment culture’ method [see F. Stock- 
hausen, Okologie, “Anhdufungen” nach 
Beijerinck (1907)] is a direct applica- 
tion of the competitive exclusion prin- 
ciple to the problem of securing a 
nearly pure culture of the wanted 
species from a very mixed natural cul- 
ture. But the method is limited by the 
fact that, in general, any species multi- 
plying in a closed system will tend to 
make the environment less favorable 
for its own way of life, and thus more 
favorable for other forms. The result 
of a succession of such alterations is 
“ecological succession.” 

Facts such as these do not undermine 
the principle; rather, their explanation 
(when achieved) enriches the theory. 

GARRETT HARDIN 
University of California 
(Santa Barbara), Goleta 


Names for the Sun and the Moon 


The Future Scientists of America 
Science Club of Bergenfield, N.J., pro- 
pose [Science 131, 380 (1960)] the 
proper names So/ and Luna as substi- 
tutes for the better-known sun and 
moon on the ground that the latter 
words are common nouns .and not 
proper ones. While the argument is 
plausible, I think it should be pointed 
out that logical reasons can be adduced 
for sun and moon, that the question 
is not a scientific one but one of Eng- 
lish usage, and that some of the asser- 
tions are too strong. 
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To my knowledge, no English-speak- 
ing person ever refers (excepting in 
poetic or heroic utterance) to “sun” 
or “moon”; it is always “the sun” or 
“the moon.” Use of the definite article 
indicates the object without ambiguity, 
whether the names are capitalized or 
not. We see the same usage in the 
terms the nation, the president, and 
especially the earth, the world, and 
the galaxy. It is equally possible to 
speak of “a sun” or “a moon” or “a 
nation” (but not so easily of “an 
earth”), and every person moderately 
familiar with English understands what 
is meant. The logic of the matter is 
that the definite article is often as good 
as a special name and is almost always 
used in place of the latter whenever it 
is not ambiguous—for example, “the 
sky,” “the ocean,” and (in the family) 
“the newspaper” and “the car.” Fur- 
thermore, there is nothing wrong with 
capitalizing Sun and Moon if anyone 
wishes to do so; it is done in some 
astronomical publications, for consist- 
ency with Venus and Jupiter, and to 
avoid very frequent use of the. 

The experience of centuries has 
shown that usage cannot be governed 
by fiat. Educated persons are going to 
be guided by dictionaries, and diction- 
ary-makers, by literary usage, not by 
pseudo-scientific jargon. It is not pos- 
sible for a group of scientists to re- 
form the language to the extent pro- 
posed, even if they should be generally 
agreed on the desirability of doing so. 
I urge all serious students of science 
to devote their energy to the subject, 
rather than to hopeless causes. 

Sol and Luna cannot rightly be said 
to be established names, excepting per- 
haps in science fiction; the “reference 
material” available to Vincent Massaro 
is not entitled to as much regard as are 
standard dictionaries and encyclopedias. 
Fowler, in his Modern English Usage, 
calls Sol a sobriquet, “a thing to be 
avoided”; he does not mention Luna. 
The words sun and moon, at least 
when prefixed by the, do not convey 
a “vague notion” to “people through- 
out the world.” Such exaggerations 
are better avoided when one is exhort- 
ing scientists, for they have an effect 
opposite from the one intended. 

G. M. CLEMENCE 
Washington, D.C. 


The Future Scientists of America 
Science Club decided to differentiate 
our sun and our moon from other suns 
and moons by giving. them special 
names—Sol for the sun and Luna for 
the moon. 

There can be no doubt that it is 
necessary to have special names for 
our sun and for our moon. It is true 
that “sun” in general must be distin- 
guished from the sun that is the center 
of our planetary system. 





The Future Scientists of America at. 
tempt to introduce the word Sol asa 
name for our sun, and they overlook 
the fact that this is a word not only 
from the extinct Latin language but 
also from the very vital Portuguese 
and Spanish languages. Not less than 
20 nations on the American continent 
speak Spanish or Portuguese, and their 
sol corresponds to the English sun in 
all respects. So, when a _ specialized 
alternative for the English sun is nec. 
essary, then it is just as necessary for 
the Spanish and Portuguese sol. 

I think that new words introduced in 
science must be acceptable to as many 
nations as possible. This cannot be 
achieved by giving a frequently used 
word from one group of languages a 
special meaning in another. It must 
be confessed that such specialized defi- 
nition has occasionally occurred in the 
past. However, it seems to me unique 
that such a popular and common word 
as the Spanish-Portuguese sol should 
be suggested as a stopgap in an inter- 
national science such as astronomy. 

WILFRIED H. Portic 
Department of Meteorology, 
University of Texas, Austin 


Massaro regrets the lack of proper 
names for the sun and moon of the 
earth. He recommends, for interna- 
tional use, the words Sol and Luna as 
proper names for these two bodies in 
our system, the words sun and moon 
to be retained as common names for 
the center of a system and a satellite 
in general. Unfortunately, Massaro con- 
siders the problem solely from the point 
of view of his own language, in which 
Sol and Luna, being different words 
from:the common designations sun and 
moon, may easily be established in the 
usage suggested. But what about other 
languages? For instance, sol is the com- 
mon name for sun in Danish, Swedish, 
and Norwegian, and the Russian com- 
mon name for moon is luna. 

Being no authority on the question 
myself, I should not have written this 
letter save for the fact that Massaro is 
not the only person to take such an 
attitude to linguistic qustions of inter- 
national interest. Thus, in the recent 
discussion in Science on the problems 
connected with transliteration of Rus- 
sian texts, the proposals advanced were 
largely based on English pronunciation, 
irrespective of the fact that certain 
letters or combinations of letters sound 
quite different in other languages. In 
deliberating such problems with a view 
to putting forth recommendations for 
international usage, those concerned 
would be well advised to consider care- 
fully the suitability of their proposals 
in different languages. | 

S. ROZENTAL 
Nordisk Institut for Teoretisk 
Atomfysik, Copenhagen, Denmark 
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Meetings 


Forthcoming Events 


August 


]-12. Modulation Theory and Systems, 
Cambridge, Mass. (E. J. Baghdady, Dept. 
of Electrical Engineering, Massachusetts 
Inst. of Technology, Cambridge) 

2-5. Poultry Science Assoc., Davis, 
Calif. (C. B. Ryan, PSA, Dept. of Poultry 
Husbandry, Texas A & M College, Col- 
lege Station) 

3-6. Gas Chromatography (Infrared 
Spectroscopy Inst.), Nashville, Tenn. (N. 
Fuson, Fisk Infrared Inst., Fisk Univ., 
Nashville 8) 

3-6. Rarefied Gas Dynamics, 2nd in- 
tern. symp. (by invitation only), Berkeley, 
Calif. (Engineering and Science Extension, 


Berkeley 4) 

5-6. Pennsylvania Acad. of Science, 

summer annual, Grantham, Pa. (K. B. 

Hoover, Messiah College, Grantham) 
6-12. International Geographical Cong., 

19th, Stockholm, Sweden. (IGC, Postfach, 

Stockholm 6) 


Lincoln Ave., Chicago 46, Ill.) 
7-12. Gerontology, Sth intern. cong., 
San Francisco, Calif. (L. Kuplan, Intern. 
Cong. of Gerontology, P.O. Box 2103, 
Sacramento 10, Calif.) 
7-13. Industrial Research Conf., Harri- 
man, N.Y. (Miss M. F. Garvey, Industrial 
and Management Engineering Dept., 
Columbia Univ., New York 27) 
8-11. American Astronautical Soc., 
Seattle, Wash. (R. M. Bridgforth, AAS, 
Propulsion Unit, Boeing Airplane Co., 
Aero-Space Div., P.O. Box 3707, Seattle) 
8-12. American Inst. of Electrical En- 
gineers, San Diego, Calif. (R. S. Gardner, 
AIEE, 33 W. 39 St., New York 18) 
8-13. World Federation for Mental 
Health, 13th annual, Edinburgh, Scotland. 
(Secretariat, WFMH, 19 Manchester St., 
London, W.1, England) 
8-20. American Soc. of Criminology, 
London, England. (D. E. J. MacNamara, 
New York Inst. of Criminology, 115-117 
W. 42 St., New York 36) 
9-13. Hail Storms, intern conf., Verona, 
Italy. (H. G. M. Ligpa, American Meteoro- 
logical Soc., Stanford Research Inst., Stan- 
ford, Calif.) 
11-13. Rocky Mountain Radiological 
Soc., Denver, Colo. (J. H. Freed, 4200 E. 
Ninth Ave., Denver 20) 
11-16. Canadian Teachers Federation, 
Winnipeg, Manitoba. (G. G. Croskery, 
444 MacLaren St., Ottawa 4, Ontario) 
14-19, American Pharmaceutical Assoc., 
Washington, D.C. (R. P. Fischelis, APA, 
2215 Constitution Ave., NW, Washing- 
ton 7) 
14-19, International Cong. of Clinical 
Chemistry, Edinburgh, Scotland. (S. C. 
Frazer, Clinical Laboratory, Royal Infir- 
mary, Edinburgh) 
14-20. Cardiology, 6th Inter-American 
cong., Rio de Janeiro, Brazil. (H. Alqueres, 
P.O. Box 1594, Rio de Janeiro) ; 
15-16. National Assoc. of Boards of 
Pharmacy, Washington, D.C. (P. H. Cos- 
tello, 77 W. Washington St., Chicago, Ill.) 
15-17. Heat Transfer Conf., ASME and 
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Univ. of California, 2451 Bancroft Way, 





7-10. American Soc. of Clinical Hyp- | 
nosis, Miami, Fla. (S. Hershman, 6770 N. | 








A Ly On May 18, 1960, in a ceremony at the 
National Academy of Sciences, the first of the newly 
established ATOMS FOR PEACE awards were pre- 


sented. Two of the four pioneers in nuclear reactors 
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so honored were & EUGENE P. WIGNER and 





q2 ALVIN M. WEINBERG, co-authors of THE 
PHYSICAL THEORY OF NEUTRON CHAIN RE- 
ACTORS. Published by The University of Chicago 
Press in 1958, this volume was immediately hailed 
as ‘‘a magnificent accomplishment” (Nucleonics). 
If you do not already own this invaluable book, 
your bookseller will be glad to obtain a copy for 


you, or you may order on the coupon below. 


Table of Contents 
1. Principal Concepts of Reactor 
Theory and the Uses of Reactors 


. General Description of Nuclear Re- 
actions: The Cross-Section 


. Resonance Reactions 
. Neutron Cross-Sections 
. The Fission Process 


. Shell Structure of Nuclei and Giant 
Resonances 


. Neutron Chain Reactions 


. General Remarks about Diffusion 
Theory: Diffusion of Monoenergetic 
Neutrons 


9. Transport Theory and Diffusion of 
Monoenergetic Neutrons 


Energy Spectrum during Moderation 
Diffusion and Thermalization of Fast 


Comments on THE PHYSICAL THEORY 
OF NEUTRON CHAIN REACTORS 


Physics Today: “Will serve as the basis 
for a scholarly tradition in reactor 
theory.” 


Nucleonics: “‘Wigner’s Group’ has long 
since become a legend in reactor circles 
... For many years we have been sus- 
tained by rumors that the experience of 
the group would be crystallized in an 
authoritative treatise on reactor theory. 
Our .expectations have now been mag- 
nificently fulfilled by this book...” 

American Scientist: “As was to be ex- 
pected, this book is a classic in the field 
of reactor theory ...can be strongly rec- 
ommended to those interested in the phys- 
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Neutrons 
. . ” 
12. The Bare H a ics of neutron chain reactors. 
18. General Applications of Homo- 


geneous Reactor Theory 
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14. Applications to Specific Reactor UNIVERSITY OF CHICAGO PRESS i 
Sparaas Senpetece Coe: 5750 Ellis Avenue Dept. S-78 1 
cients Chicago 37, Illinois 

15. Non-uniform Reactors and the ‘ T 
Theory of Reflectors Please mail me a copy of THE PHYSICAL THEORY 


OF NEUTRON CHAIN REACTORS by Alyin M. Wein- 
berg and Eugene P. Wigner @ $15.00. 


0 Bill me. (J Check enclosed 


16. 
17. 
18. 


Perturbation Theory 

Reactor Kinetics 
Heterogeneous Chain Reactors: 
The Thermal Utilization 
Heter 


R + 


Chain s 

The Resonance Escape Pro 

ability 

Heterogeneous Chain Reactors: 

The Fast Effect 

The Migration Area and Re- 

actor Design 

22. Reactor Control Statics 

xii plus 801 pages. Many charts, 

graphs, and illustrations. Indexes. 
$15.00 


19. 








20. 


21. 
GUARANTEE: If for any reason you are not 
satisfied, you may return the book within 10 
days with no charge to you. Postage paid by 
publisher on prepaid orders. 
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Special 
flask 
buyers— 
we can 
satisfy 


One of our special friends is the customer 
who’s partial to exotic flasks like this 
stirring Morton with three necks and 
pinched sides. This much-sought-after 
flask comes in sizes from 500 to 5000 ml 

. and with almost as many neck-size 
combinations as a good selection of men’s 
shirts. It’s listed in our catalog as No. 
94220. 





Or we 
can 
customize 






This started out as a flask with three necks. 
But it became really special when we 
added a mixing chamber. Being adaptable 
to customer wishes like this is where 
Corning really shines. Nobody, but no- 
body, beats us at our own game, which 
is making the very best laboratory glass- 
ware (Pyrex brand, of course) to custom 
specifications. 





And 
“super 
customize” 


We don’t often do this but, if asked, we 
could add a few more things to the Morton 
flask. A funnel bottom, with stopcock, for 
example. Naturally, we'd like to make 
several hundred of these extra specials for 
you. But we’d also make a single if you 
needed it. There are a number of these 
custom items in Supplements No. 3 and 
No. 4-10 to the Pyrex Labware Catalog. 
For copies, write to: 


Special Apparatus Section 


CORNING GLASS WORKS 
" 


e 34 Crystal Street, Corning, N.Y. 
CORNING MEANS RESEARCH IN GLASS 
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AICE, Buffalo, N.Y. (A. B. Conlin, Jr., 
ASME, 29 W. 39 St., New York 18) 

15-17. Organic Scintillation Detectors, 
intern. conf., Albuquerque, N.M. (G. H. 
Daub, Chemistry Dept., Univ. of New 
Mexico, Albuquerque) 

15-18. American Veterinary Medicine 
Assoc., Denver, Colo. (H. E. Kingman, 
Jr., 600 S. Michigan Ave., Chicago 5) 

15-18. Radiation Biology, 3rd Aus- 
tralian conf., Sydney, Australia. (P. Ilbery, 
Dept. of Preventive Medicine, Univ. of 
Sydney, New South Wales, Australia) 

15-20. International Astronautical Fed- 
eration, 11th cong., Stockholm, Sweden. 
(Secretariat, Intern. Astronautical Federa- 
tion, 12, Bessborough Gardens, London, 
S.W.1, England) 

15-23. Soil Science, 7th intern. cong., 
Madison, Wis. (R. Bradfield, Dept. of 


| Agronomy, Cornell Univ., Ithaca, N.Y.) 


15-24. Crystallography, intern. cong., 
Cambridge, England. (W. H. Taylor, 
Cavendish Laboratory, Cambridge, Eng- 
land) 

15-25. Chemistry of Natural Products, 


| IUPAC symp., Melbourne, Canberra, and 


Sydney, Australia. (Convener, Symposium 
Organizing Committee, Box 4331, G.P.O., 
Melbourne) 

15-25. International Geological Cong., 
21st session, Copenhagen, Denmark. 
(IGC, Mineralogical-Geological Museum, 
Univ. of Copenhagen, @ster Boldgade 7, 
Copenhagen K) 

15-25. International Paleontological Un- 
ion, Copenhagen, Denmark. (J. Roger, 
Service d’Information Geologique, B.R.G.- 
G.M., 74, rue de la Fédération, Paris 15°) 

15-25. Sedimentology Cong., 6th intern., 
Copenhagen, Denmark. [General Secre- 
tary, IAS, c/o Institut Francais du Petrole, 
4, place Bir Hacheim, Rueil-Malmaison 
(Seine-et-Oise), France] 

16-18. Biological Effects of Microwave 
Radiation, 4th annual conf., New York, 
N.Y. (M. Eisenbud, New York Univ. Post 
Graduate Medical School, 550 First Ave., 
New York 16) 

16-19. Society of Automotive Engineers, 
San Francisco, Calif. (R. W. Crory, SAE, 
Meetings Operation Dept., 485 Lexington 
Ave., New York 17) 

17-19. Hydraulics Conf., Seattle, Wash. 
(W. H. Wisely, American Soc. of Civil 
Engineers, 33 W. 39 St., New York 18) 

17-19. University Nuclear Reactors, 
Gatlinburg, Tena. (University Relations 
Div., Oak Ridge Inst. of Nuclear Studies, 
P.O. Box 117, Oak Ridge, Tenn.) 

17-21. Ionization Phenomena in Gases, 
4th intern. conf., Uppsala and Stockholm, 
Sweden. (A. Nilsson, Fysikum, Uppsala) 

18-19. Submarine and Space Medicine, 
2nd intern. symp., Stockholm, Sweden. 
(H. Bjurstedt, Laboratory of Aviation 
Medicine, Karolinska Institutet, Stockholm 
60) 

20. American Inst. of Ultrasonics in 
Medicine, Washington, D.C. (D. M. Still- 
well, Dept. of Physical Medicine and Re- 
habilitation, Univ. of Colorado Medical 
Center, Denver 20) 

21-24. Latin-American Cong. of An- 
giology, Rio de Janeiro, Brazil. (R. C. 
Mayall, Caixa Postal 1822, Rio de 
Janeiro) 


(See issue of 17 June for comprehensive list) 





New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer qs. 
sumes responsibility for the accuracy of the in. 
formation. All inquiries concerning items listed 
should be addressed to the manufacturer. Ip. 
clude the department number in your inquiry, 


™ RECORDER of potentiometer type 
measures 11 by 14 by 4% in. and is de. 
signed for use on a laboratory bench or 
for wall mounting. It monitors d-c sig. 
nals in the 10 to 100 mv range. Repeat- 
ability is said to be better than +0,35 
percent and full-scale response time 1.0 
sec. Pen travel is 5 in. The pen drive 
used permits use of over-size strip chart ; 
or of circular charts. (Beckman Scien- 
tific and Process Instruments Division, 
Dept. Sci594, 2500 Fullerton Rd., Ful- 
lerton, Calif.) 


™ FREQUENCY METER is a dual-range 
instrument reading either 396 to 44) 
cy/sec or 360 to 440 cy/sec from the 
same meter. Accuracy is said to be 
+0.1 percent over the temperature 
range —55 to +65°C. The instrument 
uses semiconductor devices with no 
magnetic components. (Vidar Corpora- 
tion, Dept. Sci604, 2107 El Camino 
Real, Palo Alto, Calif.) 


®™ TIMING BOARD for actuating three 
stop watches simultaneously permits 
timing of sequential steps with zero 
time loss between steps and without 
necessity for reading timer hands while 
they are in motion. Timing is started 
with the first watch at zero, the second 
stopped and ready to fly back, and the 
third in motion. Thus each step is 
timed in with the same motion with 
which the preceding step is timed cut. 
(Heuer Timer Corp., Dept. Sci618, 
441, Lexington Ave., New York 17, 
N.Y.) 


® PYCNOMETER permits determination 
of density of granular, irregular, or 
porous solids without use of liquids. 
The device operates by compressing 
air in two identical cylinders, one hold- 
ing the sample to be measured con- 
tained in a cup. A third cylinder and 
piston communicating with the sample 
cylinder permits compensation for the 
effect of the volume occupied by the 
sample. This third cylinder is adjusted 
until the pressures in the two main 
cylinders, after compression, are equal. 
The motion of the third-cylinder pis- 
ton required to effect the compensation 
is directly proportional to the volume 
of the sample. A choice of 50 cm* or 
100 cm* sample containers is available. 
Accuracy of the instrument with a 
50 .cm*® cup is said to be +0.1 cm’. 
(Houston Instrument Corporation, 
Dept. Sci620, P.O. Box 22234, Hous- 
ton 27, Tex.) 
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™§ PULSE-SAMPLING SYSTEM for use with 
the manufacturer’s oscilloscopes per- 
mits observation of recurrent signals 
with rise times to approximately 0.6 
mysec. Displays with apparent sweep 
times as short as one mysec can be 
provided. Sampling rate is 50 cy to 100 
kcy/sec with 50, 100, 200, and 500 
samples per display. Input impedance 
is 50 ohms, and sensitivity is 10 mv/cm. 
An external trigger signal of 0.5 volt 
and at least 1 mysec duration, 45 
mysec in advance of the signal, is re- 
quired. (Tektronix, Inc., Dept. Sci621, 
P.O. Box 831, Portland 7, Ore.) 


™ TELEMETRY SIGNAL SIMULATOR pro- 
vides a pulse-amplitude modulated 
pulse train for calibration and check- 
out. Pulse and frame rates range from 
6 to 3600 per second. Linearity and 
stability are said to be within +0.2 per- 
cent and noise and cross talk less than 
0.1 percent. Negative and positive 
variable output signals are available 
with provision for introducing missing 
pulses. (Telemetrics, Inc., Dept. Sci612, 
Box 234, Northridge, Calif.) 


™ PHASE-ANGLE METER consists of an 
8-watt power oscillator and a variable 
phase shifter having a range of 90 deg 
+10 deg. Resolution and incremental 
accuracy are said to be +0.05 deg and 
absolute accuracy better than +0.25 
deg throughout the range -and better 
than +0.1 deg at the 90-deg point. 
Standard frequency is 400 cy/sec, but 
other frequencies can be supplied. (In- 
dustrial Test Equipment Co., Dept. 
Sci622, 55 E. 11 St., New York, N.Y.) 


™ CORROSION MEASUREMENT PROBE is 
a vacuum-deposited film of metal, 2 to 
50 pin. thick, the metal varying with 
the application. As the metal exposed 
to the medium under test corrodes 
away, the resistance of the deposited 
metal increases. The change is observed 
by observing the ratio of resistance of 
exposed to protected sections of the 
film. As little as 5 myin. of metal loss 
is said to be detectable. (Thompson 
Ramo Wooldridge, Inc., Dept. Sci613. 
Canoga Park, Calif.) 


®" SEMI-MICRO ZONE-MELTING APPARA- 
TUs contains the sample in a glass tube 
of internal diameter 3 to 10 mm and 
effective length 100 to 150 mm. A lift- 
ing device raises the filled tube through 
a concentrated-heat zone at 1 in./hr. 
Three interchangeable heater coils pro- 
vide a maximum temperature of 310°C. 
Operating voltage is 200 to 250 volts 
a-c, and current is less than 1 amp. 
(Baird & Tatlock Ltd., Dept. Sci624, 
Chadwell Heath, Essex, England) 

JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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——— PERSONNEL PLACEMENT —— 











Cl.\SSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. Posi- 
tions Open, $40 per inch or fraction 
thereof. No charge for box number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week) 

DISPLAY: Rates listed below—no charge 
for Box Number. Weekly invoices will 
be sent on a charge account basis— 
— that satisfactory credit is estab- 


Single insertion $40.00 per inch 
4 times in 1 year 38.00 per inch 
7 times in 1 year 36.00 per inch 
13 times in 1 year 34.00 per inch 
26 times in 1 year 34.00 per inch 


52 times in 1 year 32.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week) 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, 














iii] POSITIONS WANTED |i 


Biochemist, Ph.D. Experience includes proteins, 
enzymes, chromatography, medical research. De- 
sires academic, clinical, or industrial research 
position with responsibilities. Box 143, ae 








Biochemist, Ph.D., 33-year-old-male, with plenty 
of teaching and theory, wishes to expand back- 
ground in basic techniques through work with 
independent investigator or rei so team. Avail- 
able 1 September. Box 149, SCIENCE. x 





Cytogeneticist, Ph. D. Experienced in electron 1 mi- | 


croscopy, cytochemistry. Desires teaching and 
research position. Box 148, SCIENCE. x 





Physiologist- Pharmacologist; 
ence teaching and pharmaceutical industry. De- 
sires teaching position only anywhere except 
South. Married, 4 children. Available almost im- 
mediately. Box 146, SCIENCE jg > ee! 








(a) Parasitology- Mycology Ph.D., 10 years’ hospi- 
tal laboratory experience; 8 years of basic re- 
search on immunology-pathogenesis studies; avail- 
able for teaching or research appointment; (b) 
op geet ge Chemistry, M.S., 2 years of 
h.D. 
jors; 2 years of resin coating production experi- 
ence and fractionation research studies; desires 
commercial production and research employment. 
$7-2 Medical Bureau, Inc., Science Division, Bur- 
neice Larson, President, 900 North Michigan 
Avenue Chicago. x 





Virologist, August Ph.D. Desires research or 
teaching position. Box 145, SCIENCE. 7/15 


HN! POSITIONS OPEN |iiiiiiiiill 


SPECIAL LIBRARIAN 


M.L.S. or equivalent, to head 
library devoted to medical, chemical, bio- 
logical literature. Previous special library 
experience desirable. Salary commensurate. 








industrial 


National Scientific Personnel Bureau Inc. 
Box 2707 


Washington 5, D.C. 














Biochemist or Physiologist for endocrine research 
laboratory. M.S. or B.S. plus several years’ ex- 
farsncore in hospital and/or medical research 
laboratory preferred. Responsible position, ex- 
cellent salary, and opportunity to work toward 
higher degree. Apply Personnel Office, Indiana 
University Medical Center, 1100 West Pay ag 
Indianapolis. ; 7/1, 8 





Biologist. Opening for man with several years 
of applied agricultural experience. Practical ex- 
perience with problems involving some combina- 
tion of agronomy, fertilizers, growth regulants, 
fungicides necessary. Requirement to be able to 
conduct field plot test work related to theory 
and own laboratory and greenhouse data. Initial 
salary $7000 per annum plus excellent fringe bene- 


fit program. Write W. H. O’Shaughnessy, Per- 
sonnel Department, S. C. Johnson & Son., Inc., 
Racine, Wis. x 


13 years of experi- 


training with physiology-pharmacology ma- | 





WM POSITIONS OPEN {iii 


BACTERIOLIGIST. $9138 annually. Ph.D., U.S. 
citizenship required. Principal functions: control 
of methods, teaching and consultation to staff, 
clinical research. New 500-bed hospital and large 
laboratory nearing completion, near University 
of Michigan and Wayne State University. Pen- 
sion, life insurance and hospitalization plans, 
social security, liberal vacation, sick leave. For 
application write Wayne County Civil Service 
a ge 628 City-County re as 
> ich. / 


(a) Bacteriologist; B.S., 2 years’ clinical ‘experi- 
ence, 5-year old 250-bed general hospital; to 
$5400; college city 150,000; Southwest. (b) Bio- 
chemist; S., to direct busy section, voluntary 
general hospital 300 beds; to $8000; cosmopoli- 
tan_ midwestern city 75,000. (c) Organic Chemist; 
Ph.D., for work in synthesizing compounds with 
pharmacological activity, responsible to research 
director; large southern pharmaceutical manu- 
facturer; to $10,000, excellent potential. (d) Virol- 
ogist; M.S. preferred for research project in iso- 
lation, identification new viral agents; pediatric 
hospital and affiliated research foundation; to 
$6000; Southeast. (e) Biochemist; Ph.D., to super- 
vise several hospital sections, private laboratories 
under direction group of three pathologists; to 
$12,000; southern California. (f) Serology-Virology 
Technologist; B.S., experience to supervise tech- 
nical activities; duties tissue culture isolation, sero- 
logical identification of viral agents; $5400; out- 
standing southeastern university. (Please write 
for an analysis form. Our 64th year: Founders 
of the counseling service to the medical pro- 
fession; serving medicine with distinction over 
half a century.) Science Division, Woodward 
Medical Bureau, Ann Woodward, Director, 185 
North Wabash, Chicago. x 


BLOOD GROUP IMMUNOLOGIST 
M.S. in field of immunology with good knowledge 
of protein chemistry & immunohematology to 
work in manufacturing, performing a liaison func- 
tion with research. Broad knowledge of antigen- 
antibody reactions with reference to blood group 
serology required. 
Send Resume To: 
ORTHO PHARMACBUTICAL 
CORPORATION 
Route 202 Raritan, N. J. 

Chemist. $9138, Ph. D., U.S. citizenship, training 
and/or experience in ph: armacology, physiological 
or toxicological chemistry. Position available in 
modern well-equipped toxicology laboratory in 
County Medical Examiner’s Department, down- 
town Detroit. Liberal fringe benefits. Close to 
Wayne State University College of Medicine. For 
application write Wayne County Civil Service 
Commission, 628 City-County Building, Detroit 26, 
Mich. 7/15, 22 


(a) Endocrinologist trained in physiology and bio- 
chemistry to organize screening program and 
supervise for large drug manufacturer; East. (b) 
Radiation Biology-Physiologist Assistant or As- 
sociate Professor; liberal arts college; East. (c) 
Research Biochemist, for carbohydrate metabolism 
studies with leading pharmaceutical firm; young 
Ph.D. preferred; Midwest. (d) Assistant Professor 
of Veterinary Science; teach and conduct infec- 
tious disease research at agricultural college; 
$6000-$7200 year; Midwest; (e) Microbiology In- 
structor to teach, supervise diagnostic laboratory, 
and conduct research at medical college; $6000- 
$8000 year; East. (f) Biochemist for newly created 
position in 500-bed hospital; $7000-$8300 year; 
Chicago. (g) Pharmacology-Physiology Ph.D. with 
biochemistry background for experimental toxi- 
cology research with leading food product manu- 
facturer; fine facilities in new research center; 
East. (h) Bacteriologist to supervise product de- 
velopment of bacterial and viral vaccines; estab- 
lished biological manufacturer; Midwest. (i) Ab- 
stractors, Ph.D. or S., with medical or bio- 
logical training and knowledge of foreign lan- 
guages; around $10,000 year; East; (j) Assistant 
Professor of Zoology for state liberal arts college; 
South. (k) Animal Behavior Research Associate 
for university research institute; Midwest. (Please 
write for details; also many other positions avail- 
able through our nationwide service.) S7-2 Medi- 
cal Bureau, Inc., Science Division, Burneice Lar- 
son, President, 900 North Michigan Avenue, 
Chicago. x 




















Histologist-Histochemist, Ph.D. or equivalent. Re- 
search institute, New York. Modern well-equipped 
and staffed air-conditioned laboratory. Opportu- 
nity for training in electron microscopy. Address 
replies to Box 137, SCIENCE. 6/24; 7/1, 8 
Paleontologist, Ph.D.., with "research interests in 
geochemistry or paleoecology; for appointment as 
Assistant Professor, Apply to Chairman, Depart- 
ment of Geology, McMaster University, Hamilton, 
Ontario, Canada. x 
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{lil SUPPLIES AND EQUIPMENT [fj 








LITERATURE CHEMIST 


Permanent opening for person with degree 
in chemistry (organic background). Must be 
able to prepare translations from German, 
Russian, and French. Knowledge of Italian 
and Swedish desirable, but not essential. 
Under the guidance of the editor of the 
Merck Index selects material; collects data 
on new drugs and chemicals; assists in 
writing new monographs; handles _corre- 
spondence with users of the Index; studies 
the literature of chemical nomenclature, re- 
ports changes and advances to the editor; 
and makes comprehensive literature searches. 
Salary commensurate with qualifications 
and experience. Send detailed résumé to 

Personnel Manager 

Merck Sharp & Dohme Research 
Laboratories 
Rahway, New Jersey 














Medical Technologist, blood banking background 
desirable. Interest in research required. Excellent 
opportunity to participate in blood 7? re- 
search. Salary open. Mail replies to R. Ambe- 
lang, Milwaukee Blood Center, Inc., Miaiwenee, 

is ew 





Pharmacologist. B.S. or M.S. with 2 to 6 years’ 
experience in drug evaluation, or recent Ph.D., 
for research department of rapidly expanding up- 
state New York pharmaceutical company. Box 
144, SCIENCE. 7/15 





Physiologist or Biophysicist. To direct research 
laboratory concerned with effects of very strong 
electromagnetic fields on normal and neoplastic 
tissues in animals and man. Appropriate faculty 
rank and staff status in large midwestern hospi- 
tal and medical school. Salary, $10,000 to $15,- 
000, depending on qualification. Box 80, SCI- 
ENCE. 5/6; 6/3; 1/8 


RADIOCHEMIST 


Knowledge 


de Investigaciones 


Cientificas 


\ 


Apartado 1827 


Caracas, Venezuela 


for organization Radiochemistry De- 
partment associated with 3 megawatt 
Reactor for research and limited pro- 
duction of radioactive isotopes. Re- 
search experience and previous pub- 
lications indispensable. 
of Spanish desirable or willingness 
to learn the language. 
Send detailed curriculum vitae and 
reprints to 
Dr. Marcel Roche, Director 
Instituto Venezolano 









YOU NEED THIS FREE 
CATALOG FOR YOUR FILES 


Serums, antiserums and bloods 
of all kinds for technicians and tissue <4 
culture laboratories. No salesman will call. 


‘COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 * Denver 16, Colo, 


¢ HYPOPHYSECTOMIZED RATS | 


— to all points via Air Express 
or further information write 


HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 29, Ill, 




















1919 - 1960 
LaMotte Chemical 
Chestertown, Maryland, U.S.A. 


Specialists in 
Colorimetric Techniques 
Reagents-Standards-Comparators 
Send for Illustrated 








PH.D. 
BACTERIOLOGISTS 
BIOCHEMISTS 
PHARMACOLOGISTS 
PHYSIOLOGISTS 


Excellent opportunity for alert individuals to do 
research work with plastics and eye tissue. Op- 
portunity to do editing, educational, and liaison 
work. Send complete résumé, including earnings 
record and recent snapshot. 


Box 147, SCIENCE. 





Research Associate. Zoologist or anatomist, Ph.D. 
with training in histochemistry and embryology, 
for research in growth and development of teeth 
and face. Salary and academic rank open to 
negotiation, dependent on education, research ex- 
perience, and publications. Appointment at dental 
school for a long-term project in collaboration 
with medical school staff on same campus. Apply 
to Dr. B. S. Savara, Head of Department, Child 
ny Clinic, 611 S.W. Campus Drive, “tapers 
, Ore. 





Applications are invited for the position of 
Senior Lecturer in Physics. The salary for the 
position is A2160/A2510 p.a., but salaries are at 
present under review. Applicants should possess 
a Doctorate of pi regg 0 Bey or Science conferred 
for research in some branch of physics. Some 
lecturing experience is desirable but not essential. 
Further particulars are obtainable from_ the 
Registrar, University of Queensland, Brisbane, 
Australia, with whom applications close on 15 
August 1960. 





Science Teachers, Librarians, Administrators ur- 
gently needed for positions in many states and 
foreign lands. Monthly non-fee placement journal 
since 1952 gives complete job data, salaries. Mem- 
bers’ qu: alifications and vacancies listed free. 1 


issue, $1. Yearly (11 issues) membership, $5 
individual; $10 institutional CRUSADE, SCL., 
Box 99, Station G, Brooklyn 22, N.Y. eow 








Positions Open 
Effective 1 September 1960 


Rates net—No agency commission 
No cash discount 


Minimum ad: 1 inch. Ads over 1 inch will 
be billed to the nearest quarter inch. 


Frequency rate will apply only to repeat 
of same ad. No copy changes. 
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college. 


Box 





Our client, 


Excellent. 
with grant potential. 


ACADEMIC INSTITUTIONS 
a mature Ed.D., wants to head 
a physics department in a relatively small 
researcher 
Salary $11,000. Write 


National Scientific Personnel Bureau, 


and 


Inc. 
Washington 5, D.C, 











BOOKS « 


SERVICES 


SUPPLIES « 


The Market Place 


EQUIPMENT 





DISPLAY: 


vided 


Single 
4 times 
7 times 
13 times 
26 times 
52 times 





sent on a 
that 
tablished. 


in 1 


in 
in 
in 
in 


Insertions must be at 
inch in depth. Weekly invoices will be 
charge account basis—pro- 
satisfactory 


insertion 
year 
1 year 
1 year 
1 year 
1 year 


For PROOFS on display ads, 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 


credit is 


$40.00 per 


32.00 per 


least 1 


inch 
inch 
inch 
inch 
inch 
inch 


copy must 















Controls Handbook Dept. H 
“From the hand of the veterinarian ) 
to research” ® 











’ albino rats | 
SY CHARLES RIVER CD | 
| 


(Caesarean derived) 
CHARLES RIVER SD 
(Sprague-Dawley descendants) * 
CHARLES RIVER W 
(Wistar descendants) | 

| 


HYPOPHYSECTOMIZED RATS 


@ Only Charles River CD animals used 


@Rigidly controlled environment 
(same bldg.) birth to surgery. 


@ High speed surgery by graduate biologists, 
@10 years experience animal surgery. 
@ Overnight air service from Boston 


THE CHARLES RIVER BREEDING LABS 
1018 Beacon St., Brookline 46, Mass. RE. 4-2000 
Henry L. Foster, D.V.M., President 


il BOOKS AND MAGAZINES |i 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
eriodical files you are willing to sell at high mar- 
et prices. Write Dept. A3S, CANNER'S, Inc. 
Boston 20, Massachusetts 





























ill PROFESSIONAL SERVICES fll 








LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 


and Screening, Flavor Evaluation. 
Project Research and Consultation 








P. O. Box 2217 © 


Write for Price Schedule 


Madison 1, 


ws J 





SINCE J870 
aa | ( 





> 







LABORATORY SERVICES 


for the 
FOOD and DRUG INDUSTRIES 
Drug Evaluation, Food Additive Studies 


Chemical and Biological Assays, 


Walnut St 


Clinical Studies, Research 
LaWact.t & HARRISSON 


Pa. LO 





Proceedings of two conferences by 
NAS—NRC Committee on Photobiology 
PHOTOPERIODISM 
AND RELATED PHENOMENA 
IN PLANTS AND ANIMALS 


922 pp., 256 illus., 1959 $14.75 
$12.50 cash orders from AAAS members 


THE LUMINESCENCE 
OF BIOLOGICAL SYSTEMS 
466 pp., 161 illus., 1955 $7.00 
$6.00 cash orders from AAAS members 
AAAS 


1515 Massachusetts Ave., NW 
Washington 5, D.C. 
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Only the new International Model CS Centrifuge 
combines all these features at such a popular 
price: 


* New motor delivers higher speeds and forces: 
up to 5,500 rpm and 4,730 x G for routine 
centrifuging; up to 23,400 rpm and 37,950 x G 
with multi-speed attachment. 


* Wide-range versatility: capable of swinging all 
CM and most SB head and accessory combina- 
tions . . . horizontal, angle and basket. 


* Modern cabinetized construction with ample 
storage space for heads and accessories. 


INTERNATIONAL 


MODEL CS GENERAL-PURPOSE 
CENTRIFUGE 


for popular-priced versatility 


ADVANCED IN DESIGN! 


brings you a great new formula 


for general - purpose centrifuging: 





* CS = International’s all-new cabinetized centrifuge — a 
combination of CM economy plus SB speed and versatility 


* Stainless steel guard bowl for maximum safety, 
long life and easy cleaning. 


* Unitized control panel with speed controller, 
tachometer, electric brake, automatic timer and 
pilot light . . . all conveniently located. 


NO ADVANCE IN PRICE! 


Because of the productive skills and experience of. 
the world’s largest manufacturer of laboratory 
centrifuges, you pay no more for this advanced 
design than you would for a time-tested Model CM 
with its separate cabinet stand. Get all the facts 
about the great new Model CS from your nearby 
authorized International Dealer or write: 


INTERNATIONAL (IEC) EQUIPMENT CO. 


BUILDING NO. 3B, 1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS. 





NUCLEAR 
REVIEWS 


from 


NUCLEAR-CHICAGO 


HOW TO BRUSH OFF 
COSMIC RAYS 


When you're trying to count very 
low level radioactive samples, 
cosmic rays can really mess up 
your data. They’ll pass through 
hundreds of pounds of lead and 
cause ‘‘background”’ counts in 
your detector. A background of 
10-30 counts per minute can be 
ignored if your sample is highly 
active, but such a background 
makes it impossible to. measure 
a sample emitting only a few 
disintegrations per minute. 


To solve this problem we are 
pleased to announce a new prod- 
uct which eliminates cosmic ray 
background and permits auto- 
matic analysis of as many as 35 
low level C-14, P-32,S-35 or Sr-90 
solid samples. 


Our new Low Background Auto- 
matic Sample Changer rejects 


cosmic rays ingeniously and effec- 
tively. The sensitive gas flow 
sample detector is surrounded by 
a “‘guard’”’ detector. When a cos- 
mic ray comes down fully intent 
on masking your data, it must 
first pass through the ‘‘guard.”’ 
Ah-ha! It’s foiled! The guard ac- 
tivates an anticoincidence circuit 
and the cosmic ray never reaches 
the scaler. Result? Cosmic ray 
background is zero. Total back- 
ground, caused primarily by 
stray gamma rays, is only 2 cpm. 


Now researchers can cut substan- 
tially the amount of labelled re- 
agent previously requited. Low 
level samples can be analyzed 
accurately and automatically for 
the first time. Measurement time 
is reduced significantly. 


Full information is available in 
our new Bulletin C115. Please 
ask for your copy. 


STUPENDOUS! 
FASCINATING! 


Step right up folks! Want to have 
a lot of fun with radioactivity? 
Wake up the class? Bulge the 
eyes of your students? It’s easy! 
Buy a Cloudmaster™ cloud cham- 
ber and see radioactivity! See 
penetrating cosmic rays! See 
powerful gamma rays collide 
with electrons! See beta particles 
curve through magnetic fields! 
See heavy alpha particles ionize 
millions of tiny water droplets! 
See the mysterious world of the 
atom! 


For the sum of $99.00 (to. Des 
Plaines, Ill.) we'll be honored to send 
you a complete Cloudmaster with 
power supply, flood lamp, cham- 
ber, radiation source, and instruc- 
tions. All you need is dry ice and 
alcohol to create a supersatu- 
rated vapor layer. In the vapor 


layer ionizing particles produce 
visible tracks which continuously 
form and fall to the bottom of 
the chamber. Use the Cloud. 
master in General Science, Chem- 
istry, Physics, and Engineering 
classes. There is no more dra. 
matic, effective way to intro. 
duce students to atomic energy, 


If you’d rather investigate before 
investing, send for Cloudmaster 
Bulletin 1413. 


SOE TES ANS LOS 
ALCHEMY IN YOUR 
OWN CLASSROOM 


Almost everyone with an interest 
in science knows that chemical 
elements can be changed into 
radioactive isotopes in a nuclear 
reactor. Probably less well known 
is the fact that radioisotopes can 
be produced (and were produced 
long before the first reactor was 
built) by simply exposing stable 
elements to slow neutron bom.- 
bardment. 


The NH83 Neutron Howitzer isa 
new device for holding up to 5 
curie neutron sources. It has ports 
for foils or for the introduction of 
materials into the slow neutrea 
flux. It can be used for simple 
activation analysis studies, for 
the production of low level, short- 
lived radioisotope tracers, and 
for experimentation and study of 
neutron sources. It costs about 
1/100th the price of even the 
smallest reactor, and can be. 
moved easily from the classroom] 
to the laboratory. A new 6-pagé 
brochure tel you all about it. 
Ask for Buligtin NH38. 
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